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ABS,TRACt 

This packet, part of the instructional materials for* 
the Oregon apprenticeship' program for millwright training, contains 
17 modules covering electricity and electronics. The modules provide* 
information on the following t6pics : basics of energy, atomic theory,, 
electrical conduction, basics of direct current, introduction' to 
circuits, reading scalesftusing a Volt-O-Meter , Ohm's Law, Power and 
Watt's Law, Kirchoff's Current Law, Kirchoff's Voltage Law, series 
resistive circuits, parallel resistive circuits, series-parallel 
resistive circuital, switches and relays^, basics of alternating 
currents, and magnetism. Each module consists of a goal, performance 
indicators, student study guide, vocabulary*, information sheets 
illustrated with lime drawings, a task sheet with answers, a final 
test, and a student evaluation form. (KC) 
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STATEMENT OF ASSURANCE 



It is the policy of the Oregon Department of Education 

P 

THAT NO PERSON BE SUBJECTED TO DISCRIMINATION/ ON THE 
BASIS OF RACE, NATIONAL ORIGIN, SEX, AGE, HANDICAP OR 

MARITAL STATUS IN ANY PROGRAM, SERVICE OR ACTIVITY FOR 

* • • •> 

which- the. Oregon Department of Education is. responsible. 
The Dep^tment will comply with the requirements of state 
and fede^/vl law concerning non-discrimination and will; 4 



strive by its actions to enhance the 'dignity AND worth 



of all persons, 



STATEMENT J)F DEVELOPMENT 



T-HIS PROJECT WAS DEVELOPED AND PRODUCED UNDEJ? A SUB-CONTRACT 

for the Oregon Department of Education by Lane Community . 
College, Apprenticeship Division, Eugene, Oregon, 398*1/ ~ 
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opportunity institution, 
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MILLWRIGHT , ^ 
RELATED TRAINING MODULES- 



SAFETY • 

1.1 General Safety * 

1.2 Hand Tool Safety 

1.3 Power Tool Safety » * 

1.4 Fire Safety » • / 

1.5 Hygiene Safety „ , 

1.6 'safety and Electricity ♦ 

1.7 Fire Types and Prevention 1 

1.8 Machine Safeguarding (includes OSHA Handbook) 

EUfcTOICm/ELECTOCNICS 

t 

2 . 1 Basics of Energy 

2.2 ' Atomic Theory . L * / . V > y 

2.3 * Electrical Conduction " ' ' 

2.4 Basics of Direct Current L „ " 

2.5 Introduction to Circuits- ( ' ) * ' ' 

2.6 Reading Scales v * « . * 

2.7 Using a V.O.M. 

2.8 ' OHM'S Law 

2.9 Power and -Watt 's .Law . ■; 

2.10 Kirchoff's Current Law 

2.11 Kirchoff's voltage Law 

2.12 Series Resistive Circuits y 

2.13 Parallel Resistive Circuits 

2.14 Series - Parallel Resistive Circuits 

2.15 Switches and Relays 

2.16 Basics of Alternating Currents 

2.17 Magnetism . # , - 

COMPUTERS 



3.1 Digital Language 

3 .2 ' Digital Logic ' ; 

3 .3 Computer Overview ( ..... 

3.4 Computer Software * ...'<■ V 

TOOLS , 

4.1 Boring and Drilling Tools 

4.2 Cutting Tools, Files and Abrasives 

4.3 ' Holding and Fastening Tools ' j 

4.4 Fastening Devices 

4.5 Basic Science - Sinple Mechanics 

4.6 Fasteners » ' 
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DRAFTING 

• i 

Types of Drawing and Views 
Sketching 1 

Blueprint Readinq/\forking Drawings 
Working Drawings for Machines and Welding 
Machine and Welding Symbols 

Blueprint Reading, Drafting t Basic Print Reading 
Blueprint Reading, Drafting: Basic Print Reading 
Blueprint Reading, Drafting: Basic Print Reading 
Blueprint Reading, Drafting: Basic Print Reading 
Blueprint Reading, Drafting^ Basic Print Reading 
Blueprint Reading, Drafting.: Basic Print Reading 
? Blueprint Reading, Drafting: Basic Print Reading 
Blueprint Reading, Drafting: Basic Print Reading 
Drafting, Machine Features 
Drafting, Measurement ' '.,' *>' 

Drafting, Visualization i 

HUMAN RELATIONS , . v 

Gjmmunications Skills » 
Feedback * 
Individual Strengths * 
Interpersonal Conflicts v 
Group Problem Solving ' °' 
Goal-setting and Decision-making 
Worksite Visits - *■ 

Resumes '•' :; * - 

■Interviews "'•j/"V."" 
.'Expectation ' . . § 

Wider Influences and Responsibilities ' V 

Personal Finance 

ft . v , ' 

BOILERS ; - •;. / 

Boilers - Fire Tube Types 

Boilers - Watertube Types 

Boilers - Construction * :• • 

Boilers - Fittings ^ 

Boilers - Operation •-%":.■: 

Boilers - Cleaning 

Boilers - Heat Recovery Systems V* 
Boilers - Instruments and Controls % 
Boilers - Piping and Steam Traps 

TURBINES ' . \ : 

Steam .Turbines - Types * 0 » 

Steam Turbines - Cowponents 
Steam Turbines - Auxiliaries 
Steam Turbines - operation and Maintenance 
Gas Turbines 
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12.3 
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• V --pumps J- J 'A' ,/• ' 

V pumps - tjirpes^and ^Classification 

.Pumps > AiMicatiOns j - t « 
./Pumps - Construction 

Pumps * Calculating Heat' and Flow 

Pumps > Operation 

Pumps - Monitoring and Troubleshooting 
Pumps f Maintenance 

• •/ • /' * ' >: •'*.'■ ' ' - 

?: : i tCMBUSTION . . ' 

«■ •:■ ; . , v .••••< 

■£ ,y Combustion - Process 
«; Combustion - .Types' of Fuel v -*v. •■ ..." 
Combustion - Air and Fuel Gases 
Ciombustion - Heat; Transfer ■ ' 

$^tis£ion > •^Wd6^-V#; :' . 

•■• G^ERATORS .:' : .|.-= V>V ■ v.* ' 

Generators - Types and Construction 
. Generators ^Operation ' 

'> \ . FEkWATE E .' * . ' ,. 

:' "' : -,;F^edwater Types and equipment * ' 

vv Feeo\«ter. toa£er Treatments ""• 
.• .. Feedwater > Testing • "'•'vV • . 

AIR COMPRESSORS . .'* '-•"'' f >•:'.*' ■■■/ 

■ ■ •- ' ■■■■<■ ■ .vt-^'V 
Ai r . Compressors ~ ; . ttypes. 

Air .Compressors - Operation and Maintenance 
STEAM , "'' ■/'•'■> : , ' ''?'? 

. '., —Steam;- Formation ;,and p^aboration 

; Steam * Types * %(,.- r - ' \\ f v , 
Steam - .Transport ..." -.vV*'/-* ' ; ' 

jSteam^ Purification' >. . ■? ;V 
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Note: All reference packets are numbered on the upper right-hand corner of the respective cover page. 



Supplementary 
Packet' # 

' v l.8. '[ 

. 12.1 

* 

'. 12.2 . . 
-/.12.3 

• » § 

♦ VIA 

12.4 
7,12.5 

12.7 



13.1 
13.2 
13.4 
13.6 
13.7 

13.3 
13.5 



Description \ 

— — . ^ " ' •■ ■ <.'.. 

Concepts & Techniques of Machine Safeguarding, U.S.D.L., O.S.JH.A>- 

Correspondence Course, lecture f, Sec. 2, Steam Generators, Types 
of {toilers S.A.I.T., Calgary, Alberta, Canada 

' . * * 

Correspondence Course, Lecture 2, Sec, 2, Steam Generators, Types 
. of'.Boikers II, S.A.I.T., Calgary, Alberta, Canada v 

Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Boiler 
Construction & Erection, S.A.I.T,, Calgary, Alberta, Canada , 

Correspondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler, 
Fittings II, S.A.I.T. , Calgary, Alberta, Canada . 

Correspondence Course, Lecture 4, Sec. .2, , Steam Generators, Boiler v ?fi 
Fitting I, S.A.I.T., Calgary, Alberta, Canada • . . . ^ 

Correspondence Course, Lecture 10, .Sec. 2, Steam Generation, Boiler*} 1 .\ Boilers, Operation 

Operation, Maintenance, Inspection, 'S.A.I.T. , Calgary, Alberta, 

Canada ■ • . . , 1 



Related Training Module * 
1 .8 ~Mathine.\*Safeguarding - 
Boilers, Fire Tube .Type 

Boilers, Water Tube Type 

Boilers, Construction 

Boilers, Fittings . 



7.1 
7.2 
7.3 
7.4 



Boilers, Fittings 



Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler 
Details, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 9, Sec. 2, Steam Generator, Power 
Plant Pumps, S.A.I.T., Calgary, Alberta, Canada ' 



7.7 , Boilers Heat Recovery ' 
'Systems 

PUMPS , 

971 Types & Classifications 

9.2 Applications 

9.4 Calculating Heat & Flow 

9.6 Monitoring & Troubleshooting 

9.7* Maintenance 



Correspondence Course, Lecture 6, Sec. 3, Steam Generators, Pumps* * 9.3 Construction 
S.A.I.T. , Calgary, Alberta, Canada »• 9.5 Operation 
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14.3 
12;8 



14.4 

.15.1 
,15.2 
15.3 

15.4 

15.5 
16.2 
16.2 
♦ 16.3 
. 17. f 



.17.2 



Description « " y . .. • 

\Correspondence Course,' Lecture 6, Sec. 3, Steam, Generators , Steam 
Generator Controls* S\A.I.T.,' Calgary; Alberta, Canada • '• 

.'»,.-. 

. •• 
Correspondence Course, Lecture 11, Sec, 2, Steam Generators** 

Piping -II, S.A.I.T., Calgary, Alberta, Canada , f t 

"Correspondence Course, Lecture 1, Sec' 4, Prime Movers, & Auxil- 
iaries, Steam Turbines, S.A.I.T., Calgary, Alberja, Canada 

■ • ■ »• 

Correspondence Course; Lecture 4;\Sec. 3, Prime Movers , »S team 
Turbines I, S.A.I, TV, Calgary, Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 4, Prime-Movers' & Auxil- 
iaries, Steam Turbine Auxiliaries, S.A.I .Y., Calgary, Alberta, 
Canada . 

Correspondence Course, Lecture 6, Sec. 3, Prime Movers Steam . 
TuAihe Operation & Maintenance, S.ATI.T., Calgary, Alberta, . 
Canada . . V \ 

Correspondence Course, Lecture d, Sec. 3/ Prime Movers, Gas /\ 
Turbines, S'.A.I.T., Calgary, Alberta, Canada 

Boilers Fired with Wood & Bark Residues, D.D. Junge, F.-R.L., 
O.S.U., 1975 - . v '* 



Jienerators , Fuel 
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Correspondence Course, Lecture b t Sec. 2, Steam J& 
Combustion, S.A.I.T.-, Calgary, Alberta, Canada 

Correspondence Course, Lecture 5,^ Sec. 1 2, PlatUServices,' -Fuel 
& Combustion, S.A.I.j. , Calgary, Alberta, Canada . 

•Correspondence Course, Lecture 12,'Sec\. 3, Steam Generation, Water 
Treatment, S.A.I.T.; Calgary, Alberta, Canada ' 

Correspondence Course, Lecture 12, Sec\ 2, Steam Generation^ Water 
'Treatment, S.A.I. T., Calgary, Alberta, Canada . . • * 

. , " .. . X, ■ V - • 



Related Training Module 

14.3 Steam Transport ^ 

7**8' ' Boilers, Instruments & 

Controls 
«* . '•» • 

14.4 Steam Purification 

* 

8.1 Steam Turbines, Types 

* 

8.2 Steam TuVbirves, Components. 

8.3 Steam Turbines, Auxiliaries 



8.4 Steam Turbines, Operation 
, & Maintenance 



8.5 Gas Turbines 
10.-2 Combustion Types of Fuel 

* 

10.2 Combustion Types of Fuel 



10.3 Combustion Air & Fuel Gases * 

#- ■ 

12.1 Feedwater , Types &. 
Operation • 

12.2 ' Feedwater, Water v 
w Treatments 

- ' li '-. 
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17.3' 
18.1 



18.1 
18.2 



19.1 
*PT9.1 

20.1 
21.1 



Description ' - 

Correspondence Course, Lecture 7, Sec. 2, Steam Generators, Boiler 
Feedwater Treatment, S.A.I. T. , Calgary, Alberta, Canada. 

Correspondence Course, Lecture 2, Sec. 5, "Electricity, Direct 
Current Machines, S V A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 5, Electricity, Alternating 
Current Generators, S,A.I.T., Calgary, Alberta, Canada o 

Correspondence Course, Lecture 9, Sec. 4,- Prime Movers & Auxil- 
iaries, Ai^ Compressor l r S.A.I.T., Calgary, Alberta, Canada 

Correspondence Coursed Lecture 6, Sec. 4, Prime Movers & Auxil- 
iaries, Air Compressors II, S&A.I.T., Calgary, Alberta, Canada 

Basic Electronics, Power Transformers, E^BE-51 

* • 

Correspondence Course, Lecture 6, Sec. 5, Electrisfty, Switchgear 
& Circui't, Protective Equipment, SVA.I.T., Calgary; Alberta,, 
f Canada <^ . , - \ 

-Correspondence Course, Lecture 10* Sec. 3, Prime f^ers,. Power 
^3ant Erection & Installation, S.A.I.T., Calgary, Alberta, Canada 



Related Training Module 

12.3 feedwater,- Testing 

11.1 Generators, Types & 
Cons-truction 

* 

11.1 Generators, T^ftes & 
Construction 

18.2 Generators, Operation 

13.1 Air Compressors, Types ' 

13.1 Air Compressors, Types 

13.2 *A1r Compressors, Operation 
& Maintenance 

15.4 Transformers 

15.3 Circuit Protection 



15.1 ^Installation Foundations 
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RECOMMENDATIONS FOR USING TRAINING M0DU|_ES 

„ - it 



The following pages list modules and their corresponding numbers for thi 
particular apprenticeship trade. As related training classroom hours 
vary for 'different reasons throughout the state, we recommend that 
the individual apprenticeship committees divide the total packets to 
fi^their" Individual class schedules. 

There\re over 130 modules available. Apprentices can complete the 
whole set by the end of their indentured apprenticeships. Some • 
apprentices may already have knowledge and skills that are covered 
in particular modules. In those cases, perhaps credit could be 
granted for those subjects, allowing apprentcies to advance to the^ ' 

remaining modules. 

■ • . * 

> 

We suggest the the apprenticeship instructors assign, the modules in 

numerical order to make this learning tool most effective. 

i 
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Modules 18.1, 19\l f and 20.1 have )\>een omitted because they contain 
.dated materials. ' . 
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SUPPLEMENTARY INFORMATION 
ON CASSE^fe TAPES 



Tape" 1:. Fire Tube Boilers --Water Tube Boilers 

and Boiler Manholes and Safety Precautions , 



Tape 2: Boiler Fittings, Valves, Injectors, 
Pumps and Steam Traps 



Tape 3: Combustion, Boiler Care and Heat Transfer 
and Feed Water s Types . 

■ ■ ' . . ' \ 

Tape 4: Boiler Safety and Steam Turbines 



NOTE: The above cassette tapes are intended as additional 
reference material for the respective modules, as 
indicated; and not designated as a required assignment. 
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BASICS OF ENERGY 




Goal: 



ERLC 



The apprentice will be^able to 
describe basic* jih^bs of energy, 



Performance Indicators: 



1, Describe units of. measurement « 

4 

2, Describe conversion of energy, 

3, Describe potential energy, 

4, Describe kinetic energy. 

5, Describe energy efficiency. 



<f. 



17 



A 



BASIC ELECTRONICS 



.1 



I 



Basics off Energy 
EL-BE-02 
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Test Draft 
September 1981 
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Objectives 



Given: 

Definitions and explanations Of 
base units, energy, work, con- 
version of energy, and efficiency. 



EL-BE-02 
Bastes of Energy 



The student will : 



\ 



Solve problems dealing with energy 
Answer "questions about energy 
correctly. 



Directions 

Obtain the following: 
CaUjjlator ■» . . ^ 



r 



L. 



Learning Activities* 

Read the Key Words list. 

* ■/ •* 

Read the Information Sheets, 



r 4 



Do Task: " Solve the Problems on the Problem Sheets. 

*■ * 

Do the Self -Test. ' > ' 

i 

Do the Final Test, * 
Obtain Final Evaluation. 



4f 



— » 



EUBE-02 
Basics of Enargy 



Key Words 



Base Unit : ^ The term used to Indicate the Amount of something. *As examples: 
Length 1s measured In feet (the foot is a base unit for length). Weight Is ' 
measured In grams (the gram ls a base unit for .welgljt). ' ^ ^ 

Efficiency : The relationship between /t he energy applied and the energy output 
(expressed In percent). , ' • x ' v 

Energy : The ability to do work, i * 



Force ; Pressure or push on an object or particle. 

Joule : Equal to the newton— the base unit for mechanical energy. 

* 9 ■ 

Load: The part of an electrical circuit where energy conversion tai^es place. 

Newton: The base unit for force In the metric system— approximately .224 
pounds of force. ' 



> 



Work: Force times distance. 



/ 



< 



J 



/ 



r : 



/ 



er|c 



21 




. ' . .« ' ^ ^Basics of Enero^ 

Inforjrmtion Sbeet 

,. * 4 / 

Energy and Work * • 

If our car stalls In the stre'et and we must push. It to the curb by hand we 
know that, as we are moving the car, pushing It 1s work. When* we have moved 
•the car to where we waat It, the work is done. Wjtrk, then, is made up of two 
things. First, there 1s<the push or forte we place on the car In the direction 
we want It to go. Second, the car moves over a distance to a point where we 
want n to go. Force and distance. make up work. The force must be inouqh to 
overcome the friction of the wheels and to raise the car over lumps In the 
roadway. Mathematically, the work done Is equal to the force times the 
distance. The work energy symbol that we use when we calculate for work is the 
upper ease W. The base unit of measure 1n the metric system for work Is the 

J0ule - .... < \ V , : ' • v ■ N 

'To find the amount of work done In joules that It took to move thenar to the / 
curb we must know the. force used and the distance moved. If we pushed on W 
car with a pressure of 45 pounds and v$ moved the car 16 feet, we qw>f1qure / 
out the work dope by multiplying 45 times 16. .However, the joule'lf t metric* 

w^cal^^ f0P * ™* ^ * before 

The Metric Measure of Distance 

AT ■ 

The meter Is the metric measure of distance. One meter Is egual to approxl- 

Tvttli : iISmE^* ^ V6r U n 2' l S £ 6t l S equa1 *° ^Proximately 5 meters. 
(16 x 12 =192 inches. 192 ♦ 39.4 « 4.87 meters or approxlmatefy 5 meters.) 

The Metric Measure of Force 

The metric measure of force is the newton. One newton Is equal to approximately 
.224 Pounds of force. By converting. 45 pounds Is equal to 200 newtons. 
(45 * .224 » 200) 
* 

. Now we know Aat : 

Work In joules « Force In newtons X Distance Iryieters 
Let's find how many joules It took to move our car to the curb. ^ 

Glverv: Force (F)« 45 pounds or 200 newtons v * f 

Distance (d) - 16.4 feet or 5 meters 

Find: Work (W) In joules 
/ » 
Solution ; Work In joules • Force In newtons X Distance In meters 
W * 200 newtons X 5 meters 

W - 1000 joules . , 
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tt took . 1000 joules to move*oyr- car* to the curb. ' 

The measure of work done 1s also Important when electricity suppl 1es the energy 
to do the work, ^'example of work done using ah electrical circuit 1s using 
the starter on the car. The energy from the battery must turn the starter 
»notor to craryk the' engine. 'The work done, by the battery can be expresse^in 
joules. • * . * 



Energy Conversion , t 

One of the basic laws of physics states that energy cannot be created or 
destroyed. Energy can be converted from one form to another. /Energy is 
converted from one form .to anotper 1n a battery. Inside the battery the 
chemical actipn that flakes place produces stored -electrical energy. % 




This stored energy is not doVng any work* It Is available for us to use to do 
work. We call this type of stored energy "potential energy. M 



Potential Energy 

As was stated, potential energy 1s stored energy. TKe energy 1s, there ready 
for us to use.* This type of energy 1s not doing work until we use it to^ 
operate a device.. The electrical outlets 1n your home provide energy 1n tn+sr 
manner as do batteries and other sources of electrical energy. 

To be able to use potential energy, we must get It moving. This 1s done by 
converting potential energy to moving energy. When we connect a- lamp to .a 
battery, the potential energy become? kinetic, or moving, energy which lights 
the lamp. • * s W 
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kinetic Energy > * 

•* * •, 

Shown below 1s ah electrical drcutt demonstrating how, the chemical energy of 

the battery 1s converted to electrical energy. The electrical energy 1s moved 

to the lamp where. 1t 1s converted to light energy. The lamp is^an energy 

converter and .1s called the load tn the c(rcu1t. 



( 



CHEMICAL 




• 

o 

ELECTRICAL OUTPUT 


ACTION 




MOVING ENERGY 






i. 




CONNECTING WIRES 




ENERGY SUPPLY 
Efficiency 



LOAD ( ENERGY CONVERTER) 



With today's energy crisis, we are all concerned with conserving energy. 
Unfortunately, 1t 1s Impossible to operate pur machines with no loss. When we 
talk of efficiency, we are referring to how" much energy we put Into a machine, 
how much we were able to use, and how much was wasted 1n a form that we could 
not use^HLet's take an example of ^ very common device that we all use. It 1s 
the common, screw-1n, Incandescent light bulb.' Show below 1s a diagram of an 
Incandescent lamp system* 

Hi"' 




ELECTRIC 
.ENERGY 
SOURCE 



— LIGHT ENERGY 
OA HEAT ENERGY 



LAMP 
(LOAD) 
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In this type of system (which we all useL it is a fact that if 1,000 joules of- 
energy were applied to the lamp,' we wooltf-get only 200 joules of light. This* 
means; that the other 800 joules of energy went some place else; The' energy that 
was not converted intojight was converted into heat. The Mgh£.buVb makes a 
better heater than a Tight source! To. figure thfl 1 efficiency of t'hls lightbufb ^ 
we use the/following formula: ^ . • 0 n ' > . 



-woric out-.^. 

percent efficiency,^ X 100 % 

work in 



Given: 1,000 joules electric input 

200 joules light i^tput 

""^efficiency * /,: 

< W\)ut 

Known % eff = f- X 100 %' *. 

W in 

' 200- ' 

Solution: % eff = — . X 100 % 



>•. . .. • V 



1,000 



= .2 X 100 % ■ ' \ > 

% eff *» 20 % 



Answer % eff =20% 

The other 80% of the energy 1n heat loss was wasted as an unwanted type of 
energy. All electrical, devices do not operate as inefficiently' as the light* 
bulb. The fluorescent lamp 1s more efficient ttym the incandescent type. Tb^ 
power transformers that you see on the' power poles operate with over 95% 
efficiency. Motors 1n clothes dryers, washers, etc., operate with from 50 to 
70% levels, of efficiency, *By knowing the efficiency, we can make wise choices 
of electrical devices to save" energy. ^ 



Self-Test 



1. Energy Is 

* (a) force. - 
fbj pressure. • „• 

cj ability to do work. *B 
(d) travel* "• 

2. The base unl^/l^r energy Is the * . 

fa) joule. * 
(bj meter. ^ww' 
lc) newton. \ { 
(d) neutron. 

3. The symbol for work done 1n the joule Is 



a) P. 
bUW. 
cfY. . 
(d) A. 



4. Efficiency Is measured In the 

fa) newton. * 
bj meter. 

cj percent. / „ , 
(d) joule. 

5. Which device listed helovt has the lowest efficiency? 
fa) motor 

b) washing machine , 

(c) Incandescent Yamp 

, (d) fluorescent lamp N 

6. The conversion- of energy states that 
i . . " 

fa) energy can be created. » 

bj energy c,an be changed Into another form, 

cj energy can be destroyed. , 

(d) energy Is equal to the newton. • 
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X If you push on your car with a with a* force off 450 newtons for 5 seconds 
but the car does not move, 

(a J the work Is equal to tye pressure, 
(b) no worlc Is done. ♦ 

(£^£ew2!^ squareA. 
(d)^Z50o^uTes or work Is done. . f 

8. To calculate for the joule you must 

(a) divide the newtons by the force. " 

'bj multiply the. efficiency times the force, 

c) find the reciprocal of the number of newtons. 

(d) multiply the distance times the force. 

9. Efficiency of any device has to do with the* 



\ 



IS! 



amount of energy Input compared to thi wanted energy output, 
amount of heat dissipated. 4 " 



c) amount of energy Input compared to the newtons applied. 

d) amount of time operated. y 

( 



10. Stored energy Is known as 



a) kinetic energy. 

b) newtons. 

(cV potential energy, 
(d) joules. 



it 



■ - ' v 

In the electric circuit that is shown below, what device Is the load? 




BATTERY 



jaj The battery. 



The wire that Is connected to the 
battery* 
[c) The lamp. 





LAMP 
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Task 

Task Sheet ^ 

Solve the probl-ems below: 

1. ' How much work Is done If we ride a bicycle 1 kilometer (1,000 meters) by 

applying 50 newtons of steady pressure to the pedals? 

* 

joules 

, M 

2. How much work Is done If you push a car 80 meters by pushing with a steady 
' force of 820 newtons? 

joules 



3. Our flashlight batteries produce 240 joules of chemical energy to supply/ 
200 joules, of eleftUJcal energy to the flashlight lamp* What Is the / 
efficiency of the batrofy? ( 1 ' 



4.. Our refrigerator's 1ce maker was able to, produce 10 pounds of Ice. Each 
.pound of Ice 7 represents 150 joules of energy. Our refrigerator used 1,950 
joules of energy to produce the 10 pounds of Ice. What Is the efficiency 
of the refrigerator Ice maker? , 



5. The study lamp that I use gives 150 joules of energy In the form of light. 
To produce this we have to supply the lamp with 750 joules, of electrical 
energy. What ts the efficiency of the lamp?* \ 



C 




Answers 



Answers to Task Sheet 



1. 



50,000 joules 

W - F X d 

W - 50 X 1,000 

W - 50,000 joules. 



2. 65,600 Joules 

W ■FX d 

If 820 X 80* 

W * 65,600 joules* 



3. 83.3% 



X eff - 



W out 



W In 



- X 10( 

r J 



200 

X eff X 100 

240 
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X eff - —X 100 
6 

500 

I eff « • 83.3% 

6 



N 



4. 76.9% 



W out 

% eff X 100 

W In 

1,500 

X eff - — ~- X 100 

1,950 ~ — 



X eff • 76,9% 
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Final Test 

'•)."' ' - . 

1. If a lamp gives us 500 joules of light energy while It Is being supplied 
with 1,200 joules of electrical energy, what Is Its efficiency? 



2. How much work Is done If you roll a rock 5 meters with a force Of 1,000 
> newtons? 

t 

joules • , 



3. How much work Is done If you hold a 5 kilogram weight 1 meter from the 
• floor for. 10 minutes? 

"joules 



4. Efficiency Is measured In the 

(a) newton. 

(b) meter. 

(c) percent. • * 

(d) volt. 

5. The symbol for work Is 

"(a)D.* 
, r b A. 
c W. 
d P. 



6. Efficiency Is a factor of 



CI 



energy Input Compared to the energy output In the form 



a) the power (used. 

b) the amountNo'f ei 
wanted. 

c) newtons times force. 

d) the\)ower used compared to the heat dissipated. 



7. 'Moving energy Is known as 

JaJ*DC voltage.* 
bj kinetic energy. 
,cj potential energy, 
[d) the* joules per second. 
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8. The definition of energy Is 

U) the force applied. 

(b) the ability to do work. 

(c) the pressure applied. 

(d) the travel per time. 

9. The base unit for energy 1s the 

. (a) work. ^ . ' 

Jb) newton. 

(c) force per second. 

(d) joule. 

10. What type of/Hghtlng has the worst efficiency? 

(a) fluorescent. 

(b) phosphorescent. 
Ac) Incandescent. 
'(d) IrMescent. 

11. . The function of the, -load In an electric circuit' Is 



(a) energy production. 

(b) Improving efficiency. 
lc) energy conversion, 
(dj no function. 
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milt d be W 90% cVrecV*** ^ "** 10 °* correet ' * n ™ efs on the fin ^ Test 



OK 



Re-Do 



Task Sheet Score 
Final Test Score 



A. 



When all checks Indicate OK, proceed to the next learning package. 
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SELF-TEST ANSWERS 

1. c 

2. a 

3. b * * 

4. c . ' t 

5. c 

6. b 

7. b 

8. d 

9. a 

10. c 

11. c 



A 



r 



V 
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Goal: 



The apprentice will be able to 
describe the atomic theory. 



Indicators: 



1. Describe parts of an atom. 

2. Describe valence electrons, 

3 r Describe free electrons! 

4. Describe insulators and 
conductors. ' 
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^ Read the/vK^y Words list. 

I Read the Information Sheets. 

Do the &tf -Test. . 

: Do the |Sal Test. 
. . Do the 'task. 
Obtain^ nal Evaluation. \ 
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The student wl 1 1 : 

Draw the structure of the atqfo and 

dei 



x name the parts whtch^deal wlfh Elec- 
trical theory. 1 

Answer correctly questions pertaining 
to the structure of the; atom. 
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key Words 



Mom: The smallest bit of an elementw the ba* 1c bulling block of matter. 
Compound l Chemlca My united materials. % 

jneOron: The negative bit of matter found In the atom In shells around the 
nucleus. 



Matter: Anything'- that has' weight and , takes up space. 

Mixture: Combination^* materials that can be separated by mechanical means. 

f Nucleus: The center section ofethe atom which contains the positive charge. 

Proton: The positive bit of matter In the 'atom -found In the nucleus. 

. Valence:. The system that has to do with the bonding of atoms together to form 
molecules. . * 
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f f . . • . 

In the last package we found that we need energy to do work. To do work was to 
apply pressure to make something move. When we use electricity to apply the 
pressure to make work take place, what Is really happening? Where 1s the 
pressure coming from? What Is moving? What kind of work Is being done? 
Before we can answer these questions, we' have to look Into the electrical 
circuit, right Into the materials of which 1t Is rtfade. The materials that are 
used 1n electrical circuits fall Into three categories: conductors, semicon- 
ductors,- and Insulators. 

• . * • » 

. •• • * • 

The conductors include most metals. Copper is the most common one used. 
Conductors form the p|rt of the circuit that allows the electricity to pass. 
The wiring In your house, the colls In motors and transformers, and all of the 
connecting cords to our televisions, lamps, etc. , are all .conductors. 

The semi conductors are not as common. t They are ftot good at allowing electric- 
ity to pass, but they do° not stop It. ' Semiconductors are used M many types of 
I electronic components. Two examples of components which use semiconductors are 
dfojdes and transistors. »; 

The Insulators are very Important to electrical circuits. This type of mate- 
rial prevents the electricity from moving. The Elastic covering on wires and 
the tape that we use to cover electrical connections ape Insulators. Our 
personal .safety depends on the use of good Insulators: they present us from 



being electrocuted. 

What Is there abotjt these materials that makes them act as they. do In elec 
trlcal circuits? To answer th' 
see how they are put together. 



trlcal circuits? To answer this , let uylook Into the materials themselves to 



Materials, no matter what kind, are called matter. Science tells us that 
matter 1s anything that has weight and takes up space. That covers everything 
from the air that we breathe to the ground that we stand on. Matter can be a 
gas, a liquid, or a solid. Matter can be metal or nonmetal . But whatever 
form or state of matter, laws apply as^to how It Is put together. Some mate- 
rials are found as mixtures: they are made up of two- or more things. Mixtures 
can be separated by mechanical means, let's take the example of dirt 1n water. 
To remove the dirt, we can let the mixture settle and filter the dirt out of 
the Vater. In this way, we have separated a mixture by mechanical means. 

Many materials /(^compounds. Like a mixture, a compound Is made up of two or 
more things, but t;hey have been combined by a chemical reaction. We cannot- 
separate compounds by mechanical means. The water that we filtered Is Itself a 
compound. If we could look at water before Its parts were combined chemically, 
we would see that It was really two very different kinds of materials. Two 
gases, hydrogen and oxygen, In thcf proper combination, make up water. Water»1s 
not a single material ; we can break It down Into two different materials. If 
£>we break water down' to the point just before It separates Into these two differ- 
ent materials, we wot|ld have the smallest bit of water possible. This amount of 
water would be so small that it could not be seen even with a powerful micro- 
scope. This artiOunt would be called one "molecule" of water. A molecule of 
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wat&wls made up of two parts hydrogen one part oxygen. H2O 1s the 
chemical formula for water. The stands for two atoms of hydrogen. The 0 
stands for one atom of oxygen. When we write HgO, we mean water. We also 
mean that a molecule of water 1s made up of two atoms of hydrogen united with 
one atom of oxygen. ^ 



Any material that can be reduced down to the atomic 
identity as the same material 1s an element. Water 
the atomic level and stivl be water. When we break 
find two atoms of hydrogen and one atom of oxygen. 



level (size) and still have 
cannot be broken down Into 
water down to atoms* we 
Hydrogen can .be broken^own 



to the atomic level and 1s still hydrogen. Hydrogen, then, 1s an element. 
Examples of other elements are copper, gold, silver, and carbon. There are 92 
natural elements. Materials that are made up of two or more elements are 
called compounds. Examples of compounds that are very Important 1o electrical 
work are brass (made of copper and, zinc)' and glass (made up of si neon and 
carbon), "let us get back to'the elements to find out hw some of their atom 
are put together.--- 

One of the elements \that make up water 1s hydrogen. Let's take a very close 
look at one atom of hydrogen. Always remember that the atom 1s so small that 
we have never seen 1t. The only way we know of 1|s appearance fs by experiment 
and calculation. Below 1s a diagram of a hydrogen atom.. Note the name of each 
part. 

EtErmoN 



•SHELL 



PROTON 



•0 



NUCLEUS 



/ 



Notice that it looks like a small solar system with a proton 1n the center and 
an electron In orbit around the outside. The center 1s called the nucleus. 
The orbit* is cal led -a-etotfl . An atom of hydrogen 1s the simplest and lightest 
of all. Its atomic number 1s one. Before we go on to the next atom, let's 
review Its parts. ' 

The Electron 

; 

.' » 

This part of the atom 1s very light. It has the negative electric charge and 
1s the part of the atom that 1s the most mobile. The electron is 1n motion 
around the nucleus In a sort of orbit or shell. Some atoms have many electrons 
and shells around the nucleus* 
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The Proton 

This part of, the atom Is heavier than the electron, jn fact, It Is over 1,800 
times heavier than -the electron. This part of the atim carries the positive 
electric charge and Is locked up In the nucleus. 

The Nucleus , t .. , . 

This Is not a part as such. This Is the name of the area In the center of the 
atom where the protons are grouped. In most tases the nucleus has more than 
Just protons In It. It may contain neutrons. Remember that the nucleus is 
very dense and Is responsible for almost all of the Weight of the atom. 



The Neutron 



This particle Is found In the nucleus and has no electrical charge. Electric- 
ally, we can Ignore It, 

Let's look at the next atom (atomic number two) In the atomic series. The name 
of this element Is helium. Below Is a diagram of an atom of helium. Study Its 
parts. How does It differ from hydrogen? y 
FI BCTRO * 



) 



2 PROTONS 



ELECTRON 




SHELL WITH TWO 
ELECTRONS 

NUCLEUS ' 
NEUTRON 



You will notice first that this atom Is more complicated than hydrogen, 
two electrons and two prdtons while hydrogen and has one of each. This 



It-has 



balalce of electrons and protons Is true for all atoms In the natural state: 
for elch electron In the shells around the nucleus, there must be a proton In 
the nucleus. The difference between atoms of different materials Is that they 
have more or less of these atomic parts: protons . electrons , and neutrons. 

As we go up the atomic scale, the adorns become more and more complicated. Each 
time there are more electron-proton pairs, the atom gets larger. More shells 
are found J round the nucleus. Each shell has a fixed number of electrons that 

ULiL ?hl at j£ e11 -J" ? n ^ $ P ecU ! c •iMMt. On^he following page Is a chart 
showing the numbers of electrons that can be In each shell. This number of 
electrons Is absolute only 1f followed by another shell, if tfW*hell Is an 
outer one, any number of electrons Is possible up to the natural number for 
that shel 1 ♦ 1 
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SHELLS 




NUMBER OF ELECTRONS 



NUCLEUS 



As you can see from the above chart, there are seven shells for electrons. 
Depending on the material , all the iheJls may not be there and may not have a 
full complement of electrons. Lers look at a heavier material. Below 1s a 
diagram showing one atom of afumlnum. 

2«° SHELL: 8 ELECTRON*-^ \ ®^+^NUCLEUS : 13 PROTONS 



! &r SHELL: 2 ELECTRONS- 



3 RD SHELL: 3 ELECTRONS ^q©1®q' 



• ' ONE ATOM OF ALUMINUM 

^ alegte Electrons 

The outside shell of electrons of the. atom is the valence Hog. The electrons 
In this group >are the ones that Interact with electrons of oth*r atoms to hold 
atom to atom. This process 1s called bonding. Bonding can be verjr complicated 
Remember that bonding takes place when chemical reactions take place. The 
trading of electrons from one atom to another occurs In this outer ring .because 
the electrons are not held as tightly as they are In the Inner shelH. when 
atoms are .bonded together, they form structures called molecules. Because the 
structure of the molecule varies a great deal , some of the vilence electrons 
are not held to other's In the bonding process. These unbonded electrons are 
called free electrons. 
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Free Electrons ' 

As stated above, free electrons can be caused by the bondNng structure of the 
molecule. Any force from the outside can push the free electrpns around In the 
material. The force can be almost any form of energy. A few examples are 
heat, light, magnetic energy, mechanical energy and chemical energy. In some 
materials, these valence electron's are locked Into the bonding more tightly 
than 1n others. In these materials, It takes more outs,1de energy to force the, 
electrons around. 

Insulators and Conductors 



Materials that have their electrons locked up In the bonding process Will not 
let go of their electrons nor will they take any 1n. The qnly way that free 
^electrons can become available In such materials Is by the use of huge amounts 
of energy. This kind of material Is called an Insulator. Some of the common 
Insulators Include air, plastic, and glass. Insulators stop electricity. 
Because of this, we find Insulators as covering on wires, sections of terminal 
strips, and any place we need protection from electricity. 

A conductor is a material that has free electrons In the bonding system. It Is 
very easy to produce electron movement In this type of material. Only small 
amounts of energy are needed to move electrons through conducto/s. Conductors 
are used as connecting ljnks between electrical devices. Silver and gold are 
excellent conductors, but, because of their high cost, they are not the most 
frequently used. Copper Is a very good conductor and Is far less costly than 
gold or silver. Because of this, It 1s the most commonly used. 
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Self-Test 

l» The second shell of the atom can contain 

a. two electrons. 

b. ' eight electrons. $ 

c. any number of electrons. ^ 

d. eight protons. * " 

2. The part of the atom that has the negative change Is called 

a. the neutron. 

b. the nucleus. n , „,' 

c. the first shell. 

d. the electron. 

3. Matter Is described as anything that has weight and 

» 

a. Is a mixture. ' 

ikes up space. ' ■ 

c 5 ^^es up valence, 
an element. 




4. TW§ proton has the electric charge. 



a. neutral 

b. expanded * 

c. positive \ 

d . negat 1 ve \ 

5. The nucleus Is the center seVtton of the atom which 

a. has the negative charge. 

b. contains only neutrons. 

c. 1s the lightest part of the atom. 

d. has the positive charge. 1 

6> The valence shell of the atom 

a. 1s part of the atom where bonding takes place. 

b. Is In the nucleus. 

c. has* only positive charges. 

d. Is always the second shell. \ > 

7. The number of electrons In any atom Is equal to 

4 

a. the number of protons. 

b. y^e number of protons and neutrons. 

c. the lowest energy level. 

d. two plus the number In the outer shell. * 
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A mixture can be separated by 

a. chemical means, 

b. a double reaction. 

c. mechanical means, 

d. adding energy. 



r , 



A 



Final test 

J. Mechanical means ^pf separation will 

a. separate atoms. 

b. cause double reactions. 

c. separate a mixture. 

d. separate a compound. 



r 



v 



2. The number of protons that are found 1n the nucleus Is equal to 

a. the number of electrons In the shells around the nucleus. 

b. the number of shells. 

c. the number of neutrons. 

d. the number of electrons plus the number of neutrons. 

3. " The part of the atom that has to do with bonding Is 



a. the positive charge. 

b. Y ne neutron. 

c. hlways the second shell. 

d. the outer or valence shell. 



4. The part of the atom that has the positive charge Is 

a. the neutron. * 

V b. the proton In the nucleus. 

x c. the electron In the nucleus, 

d. the lightest part of the atom. 

5. The electron has^he charge. 

* 

a. .neutral 

c. positive 

d. negative 

6. Science tells us that matter Is composed of 

a. anything that has weight and takes Jfc space. 

b. only elements. 

c. any mixture. 

d. anything, that has valence. 

7. The part of the atom that Is the lightest Is 

a. the proton. 

b. the electron. 

c. the outer shell. 

d. the neutron. 
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8. The second shell of the atom can haVe 

a. eight electrons. 

b. two electrons. 

c. any number of electPOhs. 

d. two protrons. 
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Final Evaluation 

All answers on Final Test and completed drawing on Task must be 10OX correct. 



OK 



Re-Do 



Task Drawing 
Final Test Score Percent 



Proper number of protons, neutrons 
anjij electrons and proper labels 



When all checks Indicate OK, proceed to the next learning package. 
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Answers 
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Self-Test 



1. 
2. 
3. 
4. 
5. 



b 
d 
b 

c 
d 



6. a 

7. a 

8. c 
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ELECTRICAL CONDUCTION 




Goal: 



The apprentice will be able to 
describe how electricity is 
conducted. 



V 



Performance Indicators: 

1. Describe polarity, 

2. Describe interaction of charges. 

3. Describe ions, 

A, Describe moving electrical 
charges. 
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Objectives 



Given: . 

Examples of conductors and Insulators. 
A test device. 
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, Electrical Conduction 



The student wl 1 1 : 

^ Perform a test to determine which 
materials are conductors and which 
are Insulators, 

Answer correctly questions pertain- 
ing to electrical conduction. 



Directions 

Obtain the following: 
Materials to test. 
A continuity tester. 



Learning Activities 

Rea<} the Key Words list. . 

; Read the Information Sheet. 

Do the Self- Test. 

Do the Task. 

, Do the Final Test 

Obtain the Final Evaluation. 
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Keywords , / 

HUri ^ : Mfvlng one of two opposite charges, one positive and one-negative, 

ion: An atom which has an unbalanced charge. 

negative cha rge*" * % ™ Ha$ ^ mn * electrons ™ d » therefore, has a 

Positive 1on ; An atom thu has a shortage of electrons and, therefore. ^ 
has a positive charge. * W 

Repulsion ; The action of pushing away. 

Continuity: An unbroken path for electron travel through a material. 




Information Sheet 
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Electricity 1$ produced when electrons ere freed from thair Atnm< n<^«™, 

farthest from the nucleus which has the positive charge. 

Polarit y 

Our Idea of electric charge or polarity comes from knowlna how the *i«^Mr 
fields are structured around the electron and proton' The ZetJiSS U 
these fields Is not known, but the ac^olJftheJe fields ??2 Jim.. 

IZmj * Z* eaCh ' (EdCh Pdrt1cle 1s shown ™ nd > th « true shape TnoT 



© ) 



PROTON , 
Notice the force field h«s direction. Also 

nfKfJf! <n <Mrect,on - In other words, the fleld'^uTKun'diRg'iheliositlve 

9 p Ses t1 ?tr;; n s?; e » , o°„ , .* nd the f,eld *«— ° 



. ELECTRON 

notice that the force, fields are 
irrbui 



Interaction of Charges 

Because of the direction of the fields there Is a natural attraction or 
repuls on that takes place. (Repulsion Is the^pposlte of att?act?Sn° It Is 
a pushing away.) Study the diagram below whlch^shows what heppSns whin two 
positive charges are brought close to each other. 

BUCKING FIELD-/ VV 
And below, you see what happens when t*> negative charges are brought together. 



RESULT: 
REPULS/ON 

°yy\. e 

J ^BUCKING FIELD 



9 

■ERIC 



5 



57 



cl-BE- 
Electrical Conduction 



From these two examples we can see that when two'posltlve charges are brought 
together, they repel each other; they push apart from one another. The very 
same action takes place when two negative charges are brought together, 

I 

From this we can say that LIKE CHARGES REPEL . . 

Let's check the last possible Combination. What happens when a positive and a 
negative charge are brought together? 




ATTRACTION 

As you can see, the fields are now held together. They attract each other. 
From this we can say that UNLIKE CHARGES ATTRACT . 

This Is the law of electrical charges. This actl.on of attraction anH repulsion 
makes it possible to move electrons by pushing them with other electrons 
(negative charges) or by pulling them with positive charges. This 1s the force 
behind the electric current. How can we build this force so that we can use 
it to do work? The answer 1s to unbalance nature by producing 1ons. 

| . .. , 

Ions 

As was stated before, In an atom there Is a balance between electrons and 
protons. In a natural atom the number of electrons (Is the same as the number 
of protons. But this balance can be changed. By the application of energy, 
we can force electrons away from an atom. This will leave that atom with less 
electrons than protons. Then the atom will have* more positive charges than 
negative charges. This charged atom Is a POSITIVE ION. This positive 1on will 
try to steal an electron from anywhere It can. It 1s natural for 1t to try to 
regain balance. 

t 

It 1s also possible to add an extra electron to the atom. Then there are more 
negative charges than positive charges. This charged atom 1s a NEGATIVE ION. 
This atom will try to give away an electron 1f It can to regain Its balance. » 

Producing Ions . 

There are many ways that Ions can be produced. A battery can produce Ions with 
chemical action. Mechanical friction can also produce 1ons\ If you shuffle 
your feet on a rug, you can pick up electrons. Bty picking up extra electrons, 
your body has negative 1pns on 1t. If you bring your finger near a door knob, 
or sometimes another person, the extra electrons will leave*you with a spark, 
giving you a shock as the electrons move from you. 
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Moving Electrical Chatx .es 

* 

How can electrlcol charges move through things? As you shuffled on the run 
your shoes picked up the charg* but you lost the choree from ybu? flwe™ The 
charge had to go from your shJVto your finger. How this happens Is 2lti > 
staple. You now have negative Win your body. The chergiS atoms will try 
jTrege n their balance by getting rid of the ektro electrons. Since the shoe 
Is picking up more electrons, they must seek another piece to leave the bod v 
As your finger gets close to the door knob, zaplt, the electrons Jum^froS on. 
atom to another through your body from the shoe to the f ngerlln a Taction of 
a second To understand the process better, study the dlejrrf below" In all 

^ ^ 

FREE 

JUMPS FROM ONE ARDM TO ANOTHER 

ISp <l!5iI°!!/l!Ji 906 V n end prob * bly w111 not * tne s *«« one that leaves 
the string of atoms. Another way to picture this Is shown below. 




^-PfPE FULL OF BALLS ^ 

t v 

I!!! £l£!, 1S f Ul1 ^l 1 *' , When add a ball at one end. a ball comes out 
the other, In an electrical circuit, an action similar to this takes ol«r« »t 

tM&KJ2£ 9 186,000 m1l6? $eC ° rtd ' ° r * 30S.000.000 



In some materials the electron movement occurs In a very limited wav. These 
materials are called insulators. In materials with ftany free elections the " 
action occurs easily and these materials are called conductors. Because the 

IT ^irM^Jf^ 0f eleCtrons ^^ugh ?hem frTo^nd 
to the, other, it Is said that they have continuity. In other w%*a< » m**^i.i 

with continuity provides a complete peV8?W * mateMal 

In the following Task you will be asked to test materials and separate the 
Insulators from the conductors. Remember that Insulators prevent electricity 
from f owing because there are few or no free electrons In the bond systeJ 

f'Tffl'nuX ffee eleCtr ° n$ 10 the b0 ? d1n fl so do allo2 9 th^ ten,, 
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Self-Te^ , 

1. Insulators differ from conductors 1n that 

a. Insulators have more protons. 

b. Insulators have few free electrons. 

c. Insulators are metals. 

d. Insulators are bonded. 



\ 



2. Materials with continuity 



a. are not conductive. 

b. allow electricity to pass through. 

c. are ferrous. 

d. are nonferrous. 

3. An 1 on 1s 



> throu< 

r 



a. a metal . 

b. . an Insulator. * 

c. a charged atom. 

d. a lamp. 

4. Like charges 

a. attract. 

b. have no force' fields. 

c. repel . 

d. attract only metals* 
.5. Unl ike charges 

a. attract. * 

b. are only at the north pole. 

c. repel. 

d. are only 1n insulators. 

6. Electricity travels at an effective speed of approximately 

the speed of sound. J 
by the speed of light. ~ 
^c. 300,000 meters per second, 
d. 120,000 feet per second. 

7. A negative Ion 1s 



a. an a torn > w1 th.jjiMn.ba 1 a nee of neutrons* 

b. an electron. 

c. ♦ an atom tftat Ms more electrons than protons. 

d . an element. 
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Task 

Materials: t 

* • ■ 

Pieces of copper, brass, aluminum, Iron, tin, lead, n1 chrome. 
Piece* of string, wood, paper, rubber, plastic, cloth. 

Equipment: 

Test light unit or continuity tester as pictured below. 







m t 
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Procedure: 



BATTER/ £S- 



MATERIAL UNDER 
TEST 




Test each piece of test material for conduction (continuity). To do this, 
touch one test wire to one end of the material under test and the other test 
wire to the other end.' . i ' 



Note the lamp. Does 1t light? If it lights, the mater tal 1s a conductor. 
If 1t does not light, the material Is an Insula tot*." 

List the materials under the proper column heading. 



CONDUCTORS 



INSULATORS 
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Finil Test 



1. An atom ^hat has an unbalance of electrons and protons Is 



a. an/ 1on. 

b. uncharged. 

c. an element. 

d. a/ compound. 



2.. Ineffective speed of electricity Is ^ <Ji^^ 



a. the speed of sound. 

b. 300,000 meters per second. 
* c the speed of light. 

d. twice the speed of sound. 

3. Unlike charges 

a. attract. 

b. have no action, 
c repel each other, 
d. are unblanced. 

4. Like Charges 

a. attract. 

b. have no action, 
c repel each other, 
d. are unbalanced., 

5. An 1on 1s 



a. an Iron materfaT. 

b. a- lamp. 

c. an Insulator. 

d< a charged atom. ' 

6. A material that allows electron exchange all the way through 1s 

* 

a. said to be an Insulatdr. 

b. said to have continuity. , 

c. said to have no 1ons. 

d. a nonmetal . 

7. An Insulator Is \ % 

a. a metal . 

b. a bonded metal . 

c a material with few free electrons. ' 

d. a material with many free electrons. 
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Final Evaluation 



s. 

<A11 answers on the Final Test and Task must be 100% correct. 



— ~ T i . - . — — i — 


OK 


RE-DO 


Task Score % 






Final Test Score % 


^ J 





When all checks Indicate OK, proceed to the nex^learnlng package. 
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BASICS OF DIRECT CURRENT 




Goal: 



EMC 



The apprentice will be able to 
describe the* basic characteristics 
of direct current. 

/ 



Performance Indicators: 



1. De$cribe polarity. 

2. Describe* charge. 



%3. Describe 



0 



voltage. 



4. Describe current. 



5. Describe resistance. 

6. ' Describe wire sizes. 



m*mmmmmim 
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Objectives 
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Given: 

Information* contained 1n this 
package. 



The student will: 



Name and define the four factors of 
electricity. 

Describe what actions take place as 
values of voltage, current, and 
resistance are changed. 



Directions 

f Complete this package. 



7 



Learning Activities 

Read the Key Words List*. 

. Read the Information Sheets, 



Study the Task Sheets. 
Complete the Self -Test. 
.Complete the Final Test. 
Obtain Final Evaluation. 
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Key Words 



Ampere: The base un+t/ of measure of electron flow (one coulomb per second). 

Nvarge: An electrical unbalance; the charge may be negative or positive. 
Coulomb: The base unit of charge, 6.28 X 10 18 electrons.. 
Current : The flow of electrons. 



Ohm: The base unit of measure of resistance. 

Polarity : Identification of charge; It may be + or - 
tlons. ' 

Power : The ability to do work. - . 

Resistance : Die opposition to the flow of electrons. 

VoU: The base unit of measure of electrical force. 

Watt: The base unrrof measure of electrical power. 



Assignment of connec 
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Information Sheet 



As you learned In the last package, electrons .can move through conductive 
materials. This movement occurs because the balance between the number of 
electrons and protons has been upset. The Imbalance can be caused by energy 
applied to the material In some way or another. An example of a common device 
with an electron Imbalance Is a battery. Let's take a look at a flashlight . 
battery. At one 4 end Is the' positive pole, and at the otjier end, the negative 
pole. Inside there Is a chemical mix which produces large amounts of negative 
Ions (atoms with extra electrons) on the negative end,, and positive ions (atoms 
with a shortage of electrons), on the positive end. 




+ + + 4 * 
CHEMICAL 
MIX 



•POSITIVE IONS 



-NEGATIVE IONS 



The action of the chemical mix takes place at a fixed speed. The result Is 
that Ions are produced at the same rate. When the battery was first con- 
structed, this action took place to bring the battery to the 1.5 volt level. 
If the battery were to be used In a circuit which permits a very high current 
flow, the chemical action would not be able to maintain the surplus of electrons 
The output voltage of the battery could drop below the 1*5 volt level. So we 
cannot use the electrical output from the battery faster than the Imbalance 
Is produced on the Inside of the cell. < 

♦ 

Polarity 

Polarity refers to the direction In which electrons flow or attempt to flow. 
The battery has a positive polarity on one end and a negative polarity on the 
other. This marking shows where the electrons are coming from and where the,y 
are going. How certain devices are connected In terms of polar1ty4s extremely 
Important. Diodes, capacitors, and transistors, meters and many other Instru- 
.S must be connected to the power supply with their leads In the correct ' 
[rlty. If these components or pieces of equipment were to be connected 
*ards (with the polarity reversed), they could be destroyed. 
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Charge 

As the negative 1ons are added to the negative end of the battery by the 
chemical action, a very Interesting, and Important thing happens.. Remember how 
electrons like each other? Right, they don't. They repel each other. The 
more electrons we pack on the negative *nd of the battery, the more pressure we 
get. The action 1s something like ove#ack1ng a suitcase. We keep puttlnq 
more and more 1n until 1t is bulging and no more will fit. If theJatch fails, 
the contents will pop out. The battery 1s like this. The electrons keep 
building on the negative side until they are so crowded that no more can fit. 
The electrons want to get to the positive end of the battery, but they cannot 
because the chemical action stops them one way, and the air stops them the/ 
other (air Ts a poor conductor). This Imbalance we call charge. The amount of 
charge can be measured by knowing the number of electrons 1n the Imbalance. 
This number 1s normally huge, and Its unit of measurers the coulomb. 

Coulomb ' 

The number of electrons measured as oge coulomb 1s extremely large. The number 
Is a quantity of electrons equal to 6, 280", 000, 000, 000, 000, 000. This 1s read 
s *-thousand-two-hundred-e1ghty-quadr1ll1on. To be able to use large numbers 
like this easily, a system called scientific notation 1s used. When this . 
number 1s converted to scientific notation, 1t looks like this: 6.28 X 10 1 ' 8 . , 
This stands for 6.28 mul tipl led by ten eighteen times. The advantage of this 
system 1s that 1t allows large numbers to be used without confusion. At this 
point don t worry about learning scientific notation but be able to recoonlze 
It when you see 1t. , , * 

1 ' ' ■,. 

Joule per Coulomb 

Now that we know that the coulomb Is the base unit of electron charge/and we 
can remember that th»e joule 1s the base> unit of energy, we can dome up with a 
relationship to give us a 'measure of electrical fore?. This should be a measur- 
ab e unit to show the amount of force between the negative and the positive, 
polarity. This , unit 1s called the volt. 

The Volt(V) » ^ . 

As shown above, the symbol for voltage is V. It is, used to Indicate the output 
of a battery or power supply. As an example, a flashlight battery 1# rated at 
1.5 V. * 1 



T 
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i 

The relationship between charge, energv and voltage As: voltage^quals the 
energy divided by the charge. % 



Energy W (Joules) . 

Voltage (V) « ■ :; *<c- 

Charge Q (Coulomb) 

Just remember that voltage 1s the measure of the electrical pusjt. The more 
voltage, the more push. The voltage 1s the prime mover of electrons. 

To measure voltage, we .use a voltmeter. The voltmeter 1s like a small motor 
with a needle on the end of the shaft to show the amount of rotation of the 
shaft. Study the following drawing. 




Notice that the more the needle goes upscale, the more force 1t takes to 
stretch out the zero-return spring. So the higher the voltage shown, the more 
force. It 1s Important that the correct polarity be used when connecting* the 
voltmeter. If It is connected in the reverse polar1ty v , the needle will. try to 
go downscale. 



■ 
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Smm™""*^!! 1 ?!!!']!?! what k "? 1U9e fflMns »» to think In terms of m tJ 
pressure, study the diagram below. 




* WATER LEVEL 



BULG£^Ty -RUBBER OIAPHRAM 




WATER LEVEL 



RUBBER DIAPHbm 
LAR6ER BULGE 



As you can see, the tank that has the most water "in It has more pressure on the 



/ ■ 




WATER LEVEL 

FLOW — WATER DELIVERER. 



TheJlow N would only take place If there were pressure on the bottom of the 
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Current Symbol (I) 

In an electrical circuit, flow also takes* pi ace. In the 'water system the 
material that was moving or flowing was wa'ter. In the electrical clccult the 
material that does the flowing Is the t electron. The electron- flow dr current 
will move from a place with more pressure to a place of less pressure. Study 
the cl rcult beiow. ' . . 



LE% ELECTRON PRESSURE 




CHEMICAL 
ENERGY 




MORE ELECTRON 
PRESSURE t 




•FLOW 



CONNECTING WIRES 
"' FLOW — - 




•ENERGY DELIVERED 



LAMP 



Notke that there Is a complete path from the negative side of the flattery 
through the connecting wl^es on through the'lamp through more connecting wires 
and back to the positive end of the battery. This complete path must be 
connected all the way around the circuit or no current flow can take place.' 
The current flow around the circuit Is always an even trade. What, this means 
Is that for each electron leaving the negative end" of thtf battery i there must 
be one going In on the positive end. The operation Is something like a pipe 
filled with balls: when a ball Is added to one end. one comes out the oiher.^ 
Study the following drawing, jP"* • 



ONCCDM& 



OUT 




ADD ONE 




-BALr MOVEMENT 
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The flow of electric current 'can be measured just as we can measure water flow 
; in gallons per minute. The measure of electric current flaw Is the ampere. 



The Ampere (A) 



yTo measure the flow *t anything, all you have to do, Is to count* how rauc h 1s> 
going by a given place In a given period of time. We know that 1n the electri- 
cal circuit the flow 1s made up of moving electrons. But ,1n the electrical 
circuit 1t taVes a huge amouni of electrons per second to make very much ■ . 
happen. Remember tohe coulomb? Right , H was the huge amount of electrons that 
we us"e to measure charge; So we exp/ess the amount of current flow In the 
number of coulombs going- by! per second. You must Tea Ue that 6.28 X 10 * 
electrons are a lot of electrons. One ampere, then, "1s equal to one coulomb 
passing one point -In one second. To measure current' flow In amperes we must - 
put a coulomb counter 1n the circuit. To do this, the ammeter must be placed 
to check on all of Jthe current flow. \ The ammeter 1s aTways ponnected In the 
circuit 1n series'; Sjtu<|y the following c1rcu1tN^raw1ng v , . r 



'.7/ 




AMMETER 



''t&fyrJ- ' LIGHT AND ; 



/ o c| fly 



. HEAT ENERGY 
I— LAMP 



Notice that the current "rrfst pass Inrough the aanaeter,' on through the lamp, and 
01 r r ^ connecte 7^risKJthe buttery to check 



circuit. We know that the'ewergyMh m circuit comes from, the stored energy 
in the battery. We also know thtft th«Te 



of Tight and <n%at from the 
energy that we want? Tte^ 



lamp- 



„ w energy -that we are using takes- th$ form . 

^WhaM«'>'the,^P "that gives us the type of 
*1s, residence, '-vv ■•,<;>%'. vV-iy . 



■ IMC . 




I 



} \ • . \ 



.i r» • u • -.'is* 
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Resistance (ffj ' 



Inside the lamp there 1s a tiny wire which Is made of tungsten. Tungsten 1s a 
metal which Is electrically conductive but much less so than conductors like 
copper. The melting point of tungsten 1s so high that 1t takes white hot heat 
to melt 1t. When we force current through this tiny tungsten wire, the force 
from the battery gives up Its energy 1n a sort of electrical friction. The 
result 1s high heat and light. It 1s the resistance that converts the energy 
Into the form we want. Toasters, electric heajerer-ftalr dryers, electric 
stoves and ovens are other examples of every&iy devices which use resistance tc 
convert electrical energy to heat and Tight/ 

There 1s a wide range of resistance levels' 1n materials that we class as 
conductive. Iron has six times more resistance than copper. S11 verbis a > 
better conductor than copper but not by much. . Aluminum 1s not as good a 
conductor as copper but, because of- Its low cost and light weight, 1t 1s used 
by the power companies for power lines. 

How do we measure resistance? What 1s the unit of measure for resistance? 
The ohm 1s the unit of measurement . -| n 1s the symbol for the bhnj. To 
understand what an ohm 1s we can look at 1t 1n two ways. 

The Ohm (1) 

From what you have read so far 1n this package you should know what a volt and 
an ampere are. If we hook up a circuit which has a battery with one volt 
output to a resistance that will allow one ampere of current to flow, that 
resistance, then, 1s one ohm. Study the circuit below. 



I VOLT 



" — it 


IAMP 

+- 




1 VOLT ' 
BUTTERY 













RESISTOR MUST 
BE ONE OHM (I-* 1 ) 



Notice that there 1s one ampere of current flow with one volt applied. 
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The Ohm (2) 

The other way to exp)a1p ah bhm Is to use a standard component that we know / 
has one ohm of resistance, 

A column of mercury 106.3 centimeters high and one m11F1meter square at a 
temperature of 0° Celsius has -one ohm res1st*Qce end to end* Study* the drawing 
below. — . 



. T 
I 



± MM 
SQUARE 

I 



ONE OH 




Take another look at that column of tnercury. The resistance of the mercury or 
any other material depends on four factors: 



1. The material of which 1t 1s made. 

2. How long it Is. 

3. The cross-section area. 

4. The temperature. 



\ 



All of these four factors are Important to review when circuits are designed to 
be sure that the connecting wires are of thc» right size. If the wire size 1s 
tfoo small, they may heat and cause damage ftnd energy loss. 
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tWIre Size 



i 



When wire. Is made, 1 1 Is s.lzed to a system of numbers for the diameter of the 
copper conductor. To understand how this system works w* must understand how 
wire' Is mad*, wire Is drawn. To draw wire Is to pull It through a hole which 
squeezes 1t Into a smaller diameter and makes It longer. See the Illustration 
below. 



COPPER WIRE 
SQUEEZE- 



17 

J- Dll 



7- 



PULL 



.SMALLER DIAMETER 
DIE PLATE 



The holes In the die plates must be In a stze sequence decreasing gradually so 
that the* copper will pull through rather than snap off. It Is this sequence 
that gives us the 1 wire size number system. In the Illustration below there Is 
a part of a wire drawing sequence showing four steps. 



COPPER WIRE 



PIE I 




-PULL 



W/RE 

SIZE NO. 4 
(WIRFaZE NOT 70 SCALE) 



When we seject a given wire-size niimber, that number? Is the die number that the 
wire went through last. The dies are numbered In the order that the wire goes 
through them. This means that the hole In the #l t d1e Is larger than the hole 
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In the #2 die." Number one size wire, then, 1s larger than #2. As the wire 
size- gets smaller, the numbers get larger. Number 0 wire is almost as large as 
a pencil, whereas, number 36 wire Is as fine as hair. 

The amount pf current (amps) that a given wire size can carry without heating 
varies somewhat, but here is a chart with some examples of wire size and 
current^eapaclty. (Copper wire.) 

# 6—50 amps 

# 8—40 amps • • 
#10—30 amps 

#12—20 amps ■ 
#14—15 amps 

In most cases copper wire comes In even number sizes. The smaller the size of 
the wire, the less current 1t can carry. 



Measuring Wire Size with a < W1re Gauge . 
m ■ : * 

TWe wire size can be determined by the use of a wire gauge. The name of the wire 
gauge that Is In general use Is the American Wire Gauge (AWG). The drawing 
below shows the AWG. The sizes shown start at #0 and go to #11, buf the gauge 
continues to #36. t • 



/. 
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Notice, the shape of the cutouts around the gauge, 

■SLOT 
• HOLE S 




Theja*Jout Is made up of a slot cut Into a hole. To properly use the wire 
gauge tfve bare round wire Is tried into the slots until one Is found that 1 
wire Just fits. The hole Is not used for wire measurement. 



Pjtwer and Energy 




MRE JUST 
FITS IN THE 
SLOT (NOT 
THE HOLE) 



An electrical circuit Is a, system of transporting power from one place to 

v t 5? 1n P ut end we have * source of ener 9y which Is converted Into 

electricity. The battery does this. The chemical energy produces the electrl 
cal Imbalance. Wires are connected to the battery which lead to the load end 
of the circuit. The load converts the electrlal energy Into the form that we 
want. The loads can take many different forms. , A llgllt bulb gives" us light. 
An electric heater gives us heat. The electric Wor gives us motion. 
How can we measure just how much electrical power we are using 1n a device? 
Power 1s expla ned as how fast enlrgy Is used to do work. The base utii-for 
energy 1s the joule and the base unit of time Is the second. Power, then, can 
be measured In the joule per second; The name given to this joule per second 
measure is th? watt. So the base unit of electrical power Is the watt. The 
symbol used Is W for watts and P for power. 
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Self-Test 

* " • • • 

1. \lar1ty Is identified by 

a. numbers. • 

b. color code. . / 

c. the shape of terminal or markings of + or 

d. the method of connection. 

2. The Ion producer in the battery 1s 

a. a coll of wire. 1 -* •' 

b. aluminum foil. 

c. a chemical mix. 

d. a tungsten electrode. 

3. The Voltage level from one flashl Ight battery 1s 

a. 2.5 volts. 

b. 3 volts. 

c. 1 volt. 9 - 

d. 1.5 volts. \ 

4. The quantity of electrons that equals one coulomb 1s 

a. 1.414 X 10. 

b. 3U4 X 10.J8. 

c. 6.28 X 1018. 
-« d. one billion. 

5. One ampere of current Is equal to _____ passing one point. 

a. one joule per second 

b. one volt per coulomb 

c. one ohm per volt 

d. one coulomb per second 

6. The -electrical factor of voltage 1s 

a. the flow of electrons. 

b. the resistance to electron .fib 

c. the force or pressure. 

d. the power squared, 



explained as 
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. * 

s 



i 

7. If the voltmeter Is connected In reverse, 

a, no damage will result. 

b. the reading must be Inverted tq, be correct. 

c. the meter pointer will go down o/f-scaler\ v 

d, the reading will be 1n ohms, f 

8. The symbol for current 1s 

a. A 

b. R 

c. P 

d. r . x , 

9. The four factors that determine resistance are 





a. 
b. 
c. 
d. 



10. In the wire-size number system • 



a. ' power. 

b. amperes. < ' 

c. | battery voltage. 

d. resistance. 



12. The unit t)f measure of electric powerls the 



a. ohm. 

b. watt. \ 

c. coulomb. % V 

d. ampere.- 



. a. the larger the diameter of the wire, the smaller the number. 

b. the smaller the wire diameter, the smaller the dumber. 

c. the smaller the number, the longer the wire. 

d. thejarger the wire diameter, the larger the number. ) 
lh The ohm is the unit of measure of 
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Task 



The Complete Circuit 



The following analogy and circuits are provided for your study. Look at each 

arT nn g f^ e H redd th ! r C ! USl0nS * 00 * ou a 9 ree w1t * them? If you don't of '' 
are confused,^ re-read the Information sheets and try again, . 





FOWE 



WATT. 
RES/5T/^CE\ W/ 



OHMS 




OUTPUT( 



f4y5R)- 



, ,|w r FLOW--p CURRENT 



flow-current 
Amperes 



U * cLl he ^ 0l i, age ^ r f"ure) were Increased and the resistance stayed the 
same, the flow would Increase. » 

2. The resistance restricts the flow. » 

3. If the reslftance were decreased, the flow would increase. * 

4. ,An electric lamp is a resistive .unit. ' - 
5; If the voltage were reduce^T^he flow would decrease. 

6. If, the voltage were Increased, the power output would Increase. 

7 * wo^fd^ln^easer 6 "^ V ° Ua9e stayed the same » the resistance 
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Complete the chart below. (Fjll 1n the missing arrows.) 

1 



This means that the value has Increased. 



This means that the value has decreased. 



Th1s^ means that the vajue has sta^d the same. 
Example: ( 

VoUAa£ Current Resistance 

In this case, 1f the pressure (voltage) Increased and the current stayed 
the same, the resistance must have Increased to keep the current the same. 



Below Is the rest of the chart. Some of the problems are done for you 
them oyer, then complete the chart. 

Voltage Current Resistance 


, e- . 


© ' 


© 


•• ■ © . 


© , 


•' © 


;. o x - 


©, 


.© 


- '© 


,© 


o 




© 


V 

© 



>1 



Answers: 4 (J) 5. (T) 6. (f) 
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a 

Lf) 

fe! ' SHALL DIAMETER 
HIGH PRESSURE 



i; 




DELIVERY 




AMMETER 



1ARGE DIAMETER 
LOW PRESSURE 



DELIVERY 




A). 6 AMPS 



i. 
2. 



5. 
6. 
7. 
8. 



Both circuits In A and B have the same energy output (power output). 



The circuit in B will operate only half as long 'as circuit A will 'fWn'ti 
reserve In circuit A Is twice that of circuit B. 



3; Circuit A has more energy reserve .than circuit B. * * 

4.^ There Is less resistance 1n circuit B than In circuit A. 
There 1s more current flow.m circuit B than L circuit A. 
The applied voltage Is higher in' circuit A than in circuit B. 
The amount of current flow Increases as the resistance Increases. 
The current flow Increases as the resistance decreases* 
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Final Test * 

\ . '. , • * j 

lw Polarity Is represented by 

a. the method of connection. 
4 . b. the shape of terminal or markings of + or 
O c « cblor code/ 
d. numbers. 

2. The ion producer of '^a^battery 1s ' 

a. a coll of wire. 

b. a liquid. . * 

c. a tungsten electrode. 

d. a chemical mix. 

3. Voltage of a flashlight battery 1s 

a. 3 volts. 

b. f 1 volt. 

c. 1.5 volts. •. \ 

d. 2.5 volts. 

4. The amount of electrons, that equals one coulomb 1s 

a. one. billion. % ' x 

b. 6.28 X 10. 

c. 6.28 X 10 18 . 

d. 3.14 X. 10 18 . 

5. fin*^mpere o ^current Is equal to ' x ~ passing one point. 

a. one ohm per volt -~ 

b. one coulomb per second * 

c. one joule per second * - 

d. one volt per couldlTib 

6. Ipectrlcal factor of voltage 1s explained as 

\ • ■ v 

, a. the flow of electrons. ^ 

b. the resistance toelectron flow. 

c. the force or pressure. * 

d. the power squared. 

r. If the voltmeter 1s connected, 1n reverse, 

/ \ . + 

a. the reading will be 1n ohms., 

b. the meter pointer will go. down off-scale. 

• c the reading must be Inverted to be correct, 
d. no damage will result* • 
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A symbol for current Is 

a. I . \ . 

b. R 

c. P 

d. H 

The four factors that determine resistance are 



a. 
b. 
c. 
d. 



In the wire-size numbering system 

a. the larger the wire diameter, the larger the number. ' 

b. the smaller the number, the longer the wire. 

c. the smaller the wire diameter, the smaller the number. 

d. the larger the diameter of the wire, the smaller the number. 

The unit of measure of electric power 1s the 

.a. ^watt. " (i • 

b. ( ampere. - • -j 

c. ohm. 

d. coulomb. ^ 



The ohm Is the unit of measur 

a. battery voltage. 

b. resistance, 
c" amperes, 
d. power. 
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Final Evaluation 



The Final Test score musjt be 90% or Nfettert > 



OK 



Re -Do 



Talk 'Sheet'. Score 
Fina,l' Test Score 

When '^S^checks indicate OK, proceed to the next "learning package. 
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Answers to the Settf-Test 
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■••Bv:-..d < 
6 . " C ;v *' 

■ >J'%< C ■<..:■ * . 

.8. d 
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9. (in any order) material, temperature, length* cross-section area. 
10.. a ' ' • • ;' ' 1" V •/ 

111 d 



12. b 
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Goal: " 


Performance Indicators: 


; • • s , 

' ■ ' * • • ■ ' / 

Thee apprentice will be! able ifl 
. read circuit drawings and diagrams. 


1. Head schematic di^rana o$,> 
electrical circuits- 


* • 


2. Readlpictorial diagrams ot 
elecnlKical circuits* 

•A / 

3. Read diagrams of parallel * 

circuits. s < 




■ * ' . Vr " . • " 4 ■ ^ 


' " 

: 4, R^ad diagrams of series 

circuits* - 


t . « 

* k •■ w > 

Jfe . . ; • '. 
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Objectives t 

Given: 

Schematic or circuit diagrams of series 
and parallel circuits 

A series circuit with a missing or 
disconnected wire 



A parallel circuit where one component 
has\een removed 



Four questions on circuits 

Directions^ 

Obtain the following: 

1 each 82 ohm, 1/2 watt resistor 

2 each Type #680 pilot lamp (or equivalent) ^ 

1 each DC Voltage Source 5V "or 0-15V minimum adjustable 
Interconnecting wires or leads 



The student will : 

Connect' the components together 
according to the diagram. 

Determine whether or not the 
current Is lost 1n each of .the 
components. 

Determine whether or not the 
current 1s lost In* each of the 
other components. ; 

Answer each question correctly. 



Learning Activities 

'Study Key Words list ♦ 

.. .' Read Information Sheets. 

> 

Do the Self-Test. 

Do Tasks* 

' Do the Final Test. 

Obtain Final Evaluation. 
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Key Words 



* Circuit ; A group of electrical components and Interconnections arranged to 
perform some useful function. s 

» 

, Circuit diagram : The same as a schematic diagram. (See below.) 

Electrical components : The parts of devices. that make up electrical circuits. ' 

. Parallel connection : Two or more components connected together such, that each 
component is connected between or across the same two points In the circuit. 



Pictorial diagram : drawing of how electrical components are Interconnected 
showing actual pictures or sketches of the components 1n the correct locations 
for assembly. ' 

V, ierles connection i Two or more components connected end to e»d so that only 
one end of any component connects to any other component. 

Schematic diagram (schematic) r A drawing of how electrical \ components are 
ihterconnectea using symbols to represent the components. * , 



V6\ltage drop : The voltage across an electr%?al component (other than a source) 
caused by a current flowing In It. / •• 
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12V 



R 
I50* 
2W 



Pa 

50-* 
5W 



AAA 



P 3 270^ 
• IW 



R<, 
I/2W 



Schematic or Circuit Diagram 



Rl 





ME 



R3 



R4 



Pictorial Diagram 



Y 



J \ 
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constructing, the details erf a pictorial diagram will* not' be important and 

onl£ schematics or circuit diagrams will be used., 

. ' ..... „ • 

'There ar«e two .different ways to Interconnect two components, series or parallel. . 

If only one. end of each component Is connected together, they are connected 1n , 

series. The interconnecting wire 1s usually not drawn so that the ends are ( 
#v just shown touching each other. , ' 

Schematic or Circuit Diagram * ^^r- INTERCONNECTING WIRE 

•— y\A^AAA~ ♦ • 



of Two Series Resistors * 

v. 

Pictorial Diagram of Two 

> ■ 

Series Resistors 



•—AAA 



I 



111 



* 

If the components are connected between or across the same two points, they are 
.in parallel^ • - . - 



Schematic or Circuit IDiagram 



of Two Parallel Resistors 




Pictorial Diagram of Two 
Parallel Resistors 





AAA — i 



AAA- 



In order to power* the d rcuit , a voltage souroe'mtis^ be 'added. This will cause< 
current to flow. In a series ci rcult gttie voltage source is. connected end to 
end as the resistors ^re. The series' d rcu4t can v hav-e many more. components, but;' 
they will all be connected e*d to .end In the same way. 

IiSthe package called Basics of Direct Current, you were introduced to an 
analogy betweentelectrical. current and water flow through a pipe. /We same 
analogy shofftd be helpful to you 1n understanding the Ideas of current flow and 
voltage drops 1n Simple series and parallel clrcu+ts. A water flow analogy of 
a s|r1es circuit 1s"*g1ven first. 

» 
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■fcOURCkOF 

p fcsURE ~\ * RESISTANCE TO FLQW„ 



U05S OF PRESSURE 



WATER 
PUMP 




ELECTRICAL RESISTANCE, 
VOLTAGE DROP 

AAA- — 



- 1 



r WATER TANK. 



JL 



. ELECTRICAL 
RESISTANCE, 
VOLTAGE DROP 



I is electrical current. 
E is source of voltage. 



The water pump^ls the source of water pressure and represents ,the source of 
voltage. The flow rate (amount of water flowing per Second) represents the 
electrical current, The,nar,ro«1rvg of the pipe resists the flow of water and- 
represents electrical resistance, # 

*In the water system for a given/pump pressure^ the mo§£ resjstar.ce that there 
is to the flow of water, the less the flow rate will be. 

Likewise in "the electrical circuity the more resistance In the , circuit, the 
less will be the current for a given voltage of the source. 

« » 

In tjhe water system, the water* Is ;fl owing at the same flow rate .anywhere in the 

system. If It 1s two gallons per .second coming from the pump, then it is two 

gal lons per second anywhere ; 1n the ptpe or In the return path through the water 

tank. ty '■ 

* • 

.In the electrical circuit* the current is the same .everywhere In the circuit. 
If it is one ampere out of the volfoge source, 1t will be one ampere In/each;. ' 
resistance, and in all the Interconnecting wires. Remember that one Tripe re Is 
.one coylomb per second which "also equals 6,280,000,000 bll 116V electrons* per 
second. r" ' ' 

The water pressure Is less In the narrowed pipes. v In the narrower pipes a 
lesser amount of water has to flow at a greater speed to maintain the same flow 
rate. * • 

The voltage Is^less after passing each resistor \f\ the electrical circuit. The 
current or rate, of .electron flow or the coulombs per second stays the same.* 
Just as ther/$ is a loss of pressure at each narrowing of the- pipe, there 1s*a 
voltage loss across each resistor in the electrical circuit* g 



In a parallel electrical circuit the voltage source Is connected 1n parallel, 
that Is, -across the same two points, , A water flow analogy of a parallel 
circuit 1s given next* 
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LOWER RESISTANCE 
MORE CURRENT 

-A/yv — 



E VOLTS / 
BEtWEEly 
POINTS 



-VVA-r 



HIGHER RESISTANCE 
LESS CURRENT 



/ 



Notice that, just as the water divilles into separate paths in the water pipes, 
the electrical current divides into separate paths in the parallel resistors. 

The amount of water in* each of the separate paths adds up to the total water 
entering or leaving. Less water flows into the narrower pipe; it has more . 
resistance to the flow. Likewise the electrfcal current in each of the paral- 
lel resistors adds'up to the total current entering or leaving the parallel' 
circuit. Less current flowsJn the path with the largest resistance. Since 
each resistor is connected between the same' two points, the voltage is the same 
across each resistor. The voltage source is also connected between those two 
points, so the resistors, and the source all have the voltage of the source " 
across them. , 

A series circuit or a parallel circuit may be drawn In different ways on a 
schematic or circuit diagram but still be the same circuit* The following 
circuit diagrams of different ways of drawing the same series circuit and 
different ways of* drawing the same parallel ci rcuit, show this. 

Notice that the direction of each current Is determined by the polarity of the 
source, • • 

• -j» * * 

Notice that the end of the resistor where the current enters always has a I 
negative polarity with re'spect to the other end. . . ^ 





+ m - 

AAA- 



Different Ways to Draw the Same Series Circuit 
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Different Ways too Draw the Same Parallel Circuit 
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indicates where wires cross but do not touth (are not attached) 



The dots indicate locations where the current can divide or separate Into thee>^ 
different paths and are usually shown only v^hen mojre than two connections are 
made at the same place. j 

-Later on you will learn that you can make- other .qircufts that are combinations 
of series and' parallel circuits. These more complicated circuits will not be 
explained now. In a series circuit If only-one Interconnecting w1re.*1s broken 
or removed, the current will go to zero In all of the components in the circuit. 
An example of this 1s a series string of Christmas tree lights. If one light 
burns out,, all of the lights will go out. This 1si because, when a light burns • 
tout., the electrical path through all the lights 1s; broken. Tij 1s 1s like a.' 
water pipe that 1s pluyged up so that water cannoti pass through. The flow will 
stop throughout the 'pipe. In a series electrical circuit when a wire is broken 
or removed, the electron flow or current, is Interrupted and current 1s stopped 
everywhere in circuit. 



| i > «^ ^\f> ^AA" 

T N 



NO CURRENT 

tX — v\a— 

CONNECTION &ROKEN 



SERIES CIRCUIT 



In a parallel circuit* however ; , 'VtkO/ie of the components othe\ than the source 
is opened or removed, the same current will still flow in the others. The 
total current comjng from the source will change, however. An example of this 
is a parallel string of Christmas tree lights. If one light burns put, the 
others will remain lighted. Another example 1s your household wiring. Each 
outlet 1s in parallel, and when alHght burns out 1n your house, the others 
stay lighted, ' * ' 



, . Introduction to„ Circuits 

• v • • '. * \ CURRENT SAME 

^AS J^(MJV . ^ CONNECTION BROKEN ^ • ; 

1 \ 

PARALLEL CIRCUIT 

i 

Using the water analogy, If one pipe in. a, paral lei branch of pipes' is plugged, the 
other pipes will still carry the same water flow. The total flow wi.ll be less," 
however. - 
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1. A circuit drawing that uses symbols, to represent electrical components is 

eal led a >' ' . .V -'-l • X\ , ■> . .' 

i 1 .. . 

a. ' pictorial, diagram/ 

b. schematic drawing", . : . . 

c. resistor drawing; . s . •• 

d. photograph. . •. 



•2. Components in series have the/same 

a. ' currept. i 
- b. color. * 

c. voltage. . *' 

d. size. 

3. Components in paral 1 e1« have the same 7 



a. current. 

b. color. • 

c. voltage. 

d. > size. 



4. 



In a series circuit, if a connection is- broken , the current in each 
compoioent 



a. increases. 

b. stays the same. 

c. is dl fferent. 

d. goes to zero. 



5. 



In a parallel circuit, if only one resistor is removed, the current^ in 
the others 




stay the same, 
fio to zero, 
increase, 
are removed. 



e. 
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Task A Series Circuits 



Use the 15 volt source or set the adjustable source to 15V. Have your 
instructor check that the voltage is correct, 

> ' * * ' m . , ■ !..■■"'■' \ ' 

' ! • ■ ■ ft ' 

Connect the resistor and pi lot Vamps in series as (i shown on the schematic using 
the interconnecting leads. Have your ^instructor check your connections. 



3^ — -INCANDESCENT 

UMP5YMBOL 

«680 




Connect the voltage source and notice that both lamps' are, lighted. Have your 
instructor check that your connections are correct and .that the lamps are 
working properly. * . 

* ' ■ ■ v r . " : '. '■■ ■' .'• ': 

• Remove any one interconnecting wire 1 and notice that tyot hi 'amps go out. This 
indicates that the current was lost in' all parts of the circuit. 
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B ParaUe\ Qircuit; 



Use the 5 volt source or lower the adjustable source to 5V. Have your instructor. 
; v check that, the* source you a're -now using. is 5 volts. 

'> .' Connect the resistor and pilot lamps in parallel according to the, schematic* •• 
Notice that both lamps areV ljghted when the source is attached. 




*<b80 



■ / 



Have your instructor check your connections and that the lamps are working 
properly. Remove one of the lamps from the circuit leaving both e/ids of the 
resistor and^the other lamp still connected to the source. 

„.' ■"• " . ■ . . • ";■ ■ ' • • • • ■ 

Notice that the remaining lamp is still lighted. This Indicates that the • 
current was lost .only 1n the lamp that' was removed and not in any other parts of 
the parallel circuit. x . • • 
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iMS^ffmH-^ according' to the circuit diagram 

• ^'. v ;"i ,f ^»-?-i'<.-'.'' ! >.- "■ •••• 



■a EL-BE-11 
lntrpduct1#i to Circuits 



SSJ®^^ 1 ^ w1re <> fccording to the circuit diagram 
3^®P rial Test questions answered correctly T 



OK 



Re-Do 
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Answers v 4 



r 



Self-Test 
* — — 



. . - / 

1. ,. (b-) schematic diagram • % \- „ > - 

y 2, (a) current * * . 



(c) voltage 
4. (d) goes to zero 
.5. * (a) stays^the same^ 



♦ 
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r 



t 



/- 



■ 



r. 
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READING SCALE? 



Goaf: 



The apprentice will be^able to 
road scales of electrical 
r.u>asurewent instruments, * 
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Performance Indicators: 



x 1, Read voltmeter scale. 
2 t Read ajnneter scaf'e, 
3; Read ohneter scale. 
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Objectives 

> 

Gtven: 

Information sheets 

A vo]t-ohm-m1 1 1 1 ammeter 



EL-BE-12 
Reading Scales 



The. student will : 



0 | 

/ 



Correctly record measured value 
Indicated by dfowlng. of each scale. 

✓ » 

Correctjy Identify what number scale 
should be used with each setting of . 
the range swjtch. ' * 



/ 



.Directions 



Obtain .the following: 



VOM 



V. 



Learning Activities 



Read Information Sheets. 
Oo Self -Tests. 
Do Final Test.; ' 
Do Task. 

Obtain Final Evaluation. 
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Information Sheet No, 1 



Ei-BE-12 
Reading Scales 



The ability to read meters properly 1s very Important to the electronic techni- 
cian. Much time can be last by not using the meter or by Inaccurate readings. 
Although reading scales Is not difficult, It U very easy to make a mistake. 

Scales you are already used \\o reading are rulers clocks , and acrtomoblle * 
speedometers. Meters are used to measure voltage (volts), current (amperes), 
and resistance (ohms). A "needle" or "pointer" moves, to a position over the 
markings on the meter face. to Indicate the amount of current flowing through 
the meter, * " . - • , 

* 

The markings on a meter face are similar to |the (markings on the face of a 
clock. * • * 



, 12 





Figure 1-B 



In Figure 1A, 1f the minute hand 1s removed from the clock, we* would estimate 
the time as being 4:30 because the hour hand 1s halfway between 4 and 5. . 

In Figure IB the meter nefetile 4* pointing halfway between the fl've and the next 
lower mark on the face of the meter v By cotmt1ng*the equally spaced marks we 
can assume that the reading would be 4.5 vorts. It would be volts because the 
name on the meter 1ndl£**&s tbjs. 
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Using this reasoning, determine the voltages Indicated when the meter needle 
points to* the fol lowing points. 1 




vorts 



Figure 2 



) 



^ In Figure 2, we find tttat pointer A 1s two equally-spaced marks to the left 
of the 5 volt*m*rk.' Since there are ten marks between the zero and ten, each 
mark equals 1 volt. Counting from the 5 volt mark to. the left, we see that * 
the first two ma rfcs/rep resent the pointer positions for 4 volts and 3 volts. 
Therefore, pointer'^ reads 3 volts. Pointer B, however, 1s between the 4 and 
5 volt mark$Y By estimating, we can see that 1t 1s about 1/4 of a division 
greater than 4 volts. This voltage can be estimated as 4.25 volts. Pointer C 



greatei 

1s half a division above 7 volts or at 7.5. or 7 1/2, volts, 
the ninth division and indicates 9 volts. 



Pointer D is at 




VOft« 

Figure 3 



On the meter face in Figure 3, we see small marks between the larger marks. 
The small marks now Indicate the half-volt graduations so we Ino longer have to 
I j' guess where they are. The needle now indicates 6.5 volts. 



Information Sheet No. 2 



Check your answers and make sure you understand before you proceed. VOMs or 
other multifunction meters have a range switch that extendsjthe operating range 
or the meter. Without the range switch this voltmeter has only a 0-10V range. 
A range, switch might look like Figure 4. • « ' 

' % . • „ (B) 1O0V 
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(A) 
10V 




(P) 

loooy 



the 



Figure 4 j 

< i 

We now have two new ranges* B and C. With the r^nge switch at B (100V) 
meter will have a full-scale reading of 100 volts $<r we multiply al.l of our 
readings by 10; the pointer 1n Figure 3 would now be indicating 65 volts. 
If we switched to the 1000V range (C), the reading would Indicate 650 volts 
(multiply the reading by 100). The range switch Indicates the full scale 
range or maximum reading of the meter. Current or ampere ranges follow this 
same rulefon ammeters. > 



Range = 





10 




100 




1000 


A » 


2.6V . 


A 


» 26V 


A 


- 260V 


B = 


4.6V 


- B 


- 46V 


B 


- 460V 


C ■ 


7. V 


C 


- 70V 


C 


« 700V 


D « 


9..3V 


D 


- 93V 


D 


- 930V 


u 
















« 









ft 




B * 

vorr« 




H4 



Self-Test No. v 2 

Assurne the range switch Is set as "indicated for each meter. 
Tell the readings . • 



for each needle. 
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1. Range 100 
a<___ 
b. 
c. 
d. 



2. Range 1000 
a. 
i*. 

c. > 

d. *~ 



3. Range 10 

a. 

b. 

c 

d. ~~ 



4. Range 100 



a. 

b. ; 

c. " 

d. " 



5. Range 1000 
a . 

■ C 



• 6. Range 100 

, a. 

' b. 

• c.^ 

1 . 'd. 
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Other types of scales may also be printed on the face' of. the meter such as 
resistance or ohms (St) scale. Voltage or current meters draw the power to 
operate themselves from the; circuit ftpm which they ar-6 connected. However, 
the ohmmeter has an Internal battery t& provide current for operation. 




Figure 5 



A typical ohmmeter scale would look like F.igure^5. You will notice that the 
distance between 1 and 2 Is not the same^as the distance between* 4. and 5. 
Because of this, we say that scale 1s nonlinear. The scale in Figure 3 1s 
linear because there 1s equal spacing between numbers. In Figure 5 the- 
ohmmeter needle Is Indicating 4.5 ohms of resistance. ' , 





A . Reading scales 

Infoirafaiori Sheet No. 4 , 




Figure 7 



These positions mean that any reading made /pn the scale should be multiplied by 
the number of times Indicated by the range switch, (xl ■ times 1) (xlO - times 
10; whatever the metenreads times 1, 10, 1000, or 100,000, etc.) 

Our former reading of '4.5 ohms (Figure 5), would have been 4^500 ohms 1f the 
switch had been placed as shown above 1n Figure 6. j 

Remember k * thpusahd, so lk 1s 1000. M 



• 1 . 

SelMest Np. 4 



Reading Seal es 




Assume the ohms range swIUh 1s set as Indicated for each meter. 
Tell the readings 
.for each needle'. 



V 



V 
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Information Sheet No. 5 



.Som/ range switches may also Indicate function' (DC volts, AC volts, resistance, 
etc.). Multimeters have more than one function* . Volt -ohrtwnllli ammeters (VOMS) 
have three basic functions: the measurement of .voltage and current (AC* or DC) 
.and resistance. Some VOMs k may not have a current function. fctpctlon may bv- 
determined by Input pli^gs for the test leads or a switch. • ^. 

The first tnln^you must "know when using a meter 15 what you wteh to measure. 
,The function of the meter must be set properly. Second, you must inow where 
the range switch 1s set', and last, what the scale <fpadv . • ' 

Let's try looking a#a typical small meter scale all put together. Note the DC 
settle. The lower side goes from 0-0.5 and the upper side goes from 0 to 15. . 
.Your range switch will tell you which- side to read. The AC scale also has/a 
lower and upper/side marked. Note that tifoe R scale has only an upper side 
marked. . . . . 



/ 




Based on function and range, this reading could mean many fhlngs. If the 
function were DC volts (DCV): 



s EL-BE-12 
Readipg Scales 



n ■ 



4 To obtain reading: 



Multiply 15 range reading by .1' 

Multiply .5 range reading by 10 

' Multiply .5 range reading by 100 

Multiply 1.5 range reading b/ 100 

Multiply .5 range reading by 1000 



RANGS 



0.5 « 0.17V 
1.5= .'5V 
5 = v ^ 7V * 

' 1& > • . 5 «¥ 
50 . * 17 ' V 
150 • • * 50 V 
5Dp =>170 V 



If the function were resistance (R) :.\R x 1 ■. 45 n 
if • M^U^ = 450 n 

R x 100 •». 4.5k 
.' R x Jk = 45k ft 

R x 10k = 450k ft 

jf ■■ ■ 
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SelMest No. 5 
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Reajithe following meters according to the function and range Indicated. ' 

3.0 . i> 

1. Function OCV 



Range 15 
Reading 



2. Function R 
Range RxT~ 



Reading 



3. 



Function ACV 
Range 50lP"~ 
Read 1 ng 



4. function DCV 
Range '5 



Reading 



5. Function R 
Range RJffiT 
* Reading " 
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tf. Function DCV t - / 
Range 160 1 • 
* Reading 




is 122 
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\ 

Function R 
Range RXOT 
Reading 



8. Function R 
Range- RxT~ 



Reading 



9v Function DCV 



Range 50 
Reading 



10. Function ACV * 
Range 50 



Reading 



11. 



Function DCV 
Range 50T"^ 
Reading 



/ 



12. function DCV 
* Range 1.5 
Reading 




ft 
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6. Function OCV 
N Range 15 
Reading 

• ' — ^ 





T 



• < t 
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■" 1 

7. Function R 

Range XI * 
Reading 



8. 



Function R 
Range XlF" 
Reading 



J 



9. 



Function ACtf 
Range 50>g 
Rcfadlng 



10. 



Function R 
Range WT 
Reading 



11. Function R 
* Range XlTKT 



Reading 



12. Function DCV 



Range 50 
Reading 
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Task 



, • • EL-BEt12 

Reading VScales 

V ; '* 

There are a number of different brands and models of VOMS. Many of them have 
different scales and ranges. To become familiar with your meteirtyou should 
look over the scales, ranges, and function selection. 

Obtain the following: 

* * « * 

VOM , 

Step 1 • ♦ , 

Study the four top scales on the meter. Write in the space below the set of 
numbers that Indicates the? full scale reading for each range. 



0 to 
0 to 
0 to 
0 to 



ohms scale 
voltage or current 
voltage or current 
voltage or current 



Notice how this meter uses a switch or test-lead jacks for different ranges 
and different functions. The functions, which are explained in moreUetal 1 
In the following package, are usually divided Into the following areas: 

DCV - used to measure DC voltage * 
ACV - used to measure AC voltage 
*4 il " used to measure resistance 
DCmA - used to measure Current 

W1t.h1n each function will be several ranges beginning with very .low values 
and ending at very high values. - 



Step II 



List the timber of ranges for each function from you f meter. 




DCV 1 ACV 

~ ' — r - 


DCmA \ 




0 to j Q to 

; 4- — , 


0 to 


R x 




0 to j » 0 to 

— — ■ i , ^_ 


0 to 


■ ax . 


— • 




0 to 


0 to ; 


t — 

R x \ 


0 to ! 0 to 
- ~~ — ^ 


0 to R x j 



* 
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Step III • * * 

Complete the chart below by listing the range for every function* the number 
you would use on eachrange and how you would v mod1fy the number to fit each 
range so that the number would Indicate the correct value of measurement. 

Example: Say your meter has a scale of 15 on DC voUs, and your range was 
set to 150, you would fill out the chart like this: 



FUNCTION 


ranges 


NUMBER SCALE USED 


EACH NUMBER It MULTlPLlEb BY 


DC Volts 


150 V 


0 to 15 


• Wo f 


• f " . ' . ;"i 


FUNCTION 


RANGES 


NUMBER SCALE USED 


EACH NUMBER IS MULTIPLIED BY 


* 

Ohms 


R x 


0 to 




i R x 


0 to 


— . 


0 to' 


R x 


0 to 






DC Volts 


V . 


\ 

0 to 


\ 

J 


V 


0 to 


: K 


^§ to 


V 


0 to 


* 




AC Volts 


V 


0 to 


✓ * 


V 


0 to 


v 


0 to 


V 


0 to 






DCmA 


mA 


0 to 


— N T ■ » ,■■„, , ! 

1 

♦ * 


mA 


.0 to " 


mA 


0 to 


mA 


0 to V 




i » " "'■ | > 





Step. IV 'Th 

Get your Instructor'* evaluation of this task. 
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Your answers may not be identical to thesA, J>'uJ 1.f they are within a^ $ percent 
range they will be considered correct. , » * ., 



Answers to Self -Test #1 



• 

1. 


a. 


2 V 


4. 


a. 






b. 


4.5 V 




b.„ 






c. 


7 V 




c. 


7,5 V 




d. 


10 V 




d. 


8.5 V 


2. 


a. 


1.5 V 


5. 


a. 


.25 V 




b. 


3.75 V 




b> 


1.75 V 




Ci 


7 V 




,c. 


it 4£ li 

4.25 V 




d. 


9 V 




d. 


7.75 V 


3. 


a. 


.5 V 


6. 


a. 


4 V 




b. 


3.35 V ' 




b. 


t* ii 

5 V 




c. 


7.25 V 




c. 


6.5 V 




d. 


9.5 V 




d. 


9.75 V 


Answers 


to Self-Test #3 


i 




1. 


a . 


150 n ■ 


4. 


a. 


250 ft 




b. 


14 ft 




b. 


17 n 




c. 


5.5 ft 




c. 


2.21 ft 




d. 


1.19 n 




d. 


.39 ft 


2. 


a . 


30 ft 


5 - 


a. 


53. ft 




b. 


7.8 n 




b. 


11.7 « 




c. 


2.65 ft 




c. 


4.75 




d. 


.75 n 




d.. 


1.9 ft 


3. 


a . 


10.1 ft 


6. 


a. 


22.5 ft 




b. 


4.5 ft" 




b. 


4.25 ft 




c. 


1.6 ft 




c. 


1.24 ft 




d. 


.3 ft 




d. 


.145 « 






* 









Answers to Self-Test #5 



1. 


8 V 


2. 


1.5. ft. 


3. 


135 V 


4. 


.6 V 


5. 


' 32.5 k 


6. 


90 V 


7. 


4450 ft 


8. 


3.5 ft 


9. 


,23.5 V 


10. 


18.5 V 


n. 


350 V 


12. 


1.05 V 



ft 



22 



Answers to- SeU.-Test #2 



5. 



1,, a. 15 V 

b. 30 V 

c. 45 V 
d . 80 V 

2. a. 200 V 

b, 350 V 

c. 600 ,V 
, d._ 85& V 

3. a. 2.5 V 

b\ 4.5^S^ 

c. 7 V x 

. d.. 9 V 



Answers to Self-Test #4 

A 

i. 



4. ,.a.> 7.5 V 

' b. 37.5 V 

c. 53.5 T 

d. 515 V * 



6. 



a. 200 V 

b. - 350 V - 

c. 650 V 

d. 875 V " 

a. 15 V 

b. 41 V 

c. 68.5 V 

d. 94*5 V 



2. 



3. 



a. 


45 ft 


4. 


a. 


.22.5 ft 


b. 


12' ft , 




b. 


7 k ft 


c. 


3.8 ft 




c. 


1.8 k ft 


d. 


1.6 ft 




d. 


.4 k ft 


a. 


3500 ft 


5. 


a. 


750 k ft 


b. 


1500 ft 




b. 


190 k ft 


c. 


360 « 




' c. 


60 k ft 


d.> 


425 « . 




d. 


8.25 k ft 


a. 


275 « 


6. 


a. 


1900 k ft 


b.t 


74 « 




b. 


1150 k ft 


c. 


21.8 ft 




c. 


700 k .ft 


d. 


3 ft 




d. 


360 k ft 
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USING A VOM 




Goal: 



ERIC 



The apprentice will be able to 
use a VOM for electrical 
measurement. 



Performance Indicators: 

1. Identify parts of a VOM and ■ 
their functions. 

2. Measure voltage with VOM* 

3/ Measure resistance with VOM. 
ft, Measure current with VOM, 



mm?* 
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Objectives 

Given: 

Information Sheets. 



A VOM, complete with resistors 
and a power source. 




\ 



\ . 



The student will : 

Answer 6 test questions on the.basjc 
parts of the meter. 

Complete a Task for measuring DC voltage. 

Complete a Task for measuring AC voltage* 

Complete a Task for measuring resistance. 

Complete a Task for measuring current. 



Directions 

Obtain the following: 
VOM. . ■ 

A resistor assortment. ' 
A voltage source (this unit* fias been preassembled tfy your Instructor). 



P 



J 



Learning Activities * 

Read the Key Words list. y 

^_ Read the general description of the VOM 1n the Information Sheets. 

, - Complete the Self-Test tn the basics of th6' VOM. 

1 Complete a Task on measuring DC voltage. , , 

Complete 'a Task on measuring AC voltage. 

Complete a Task on measuring resistance. * 

_ Complete a Task on measuring current. • 



4er 



Obtain Final Evaluation. 
•4 



pi 
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: • . . ... " \ 

Key, Words \ 



VOM: Abbreviation for vo1t-ohm-m11 11 ammeter. A meter than cap measure volt- 
age, current, and resistance. 

Polarity/Switch : A switch which selects +DC or : DC depend ingf on whether you 
are measuring posit 1 ve or negative voltage. The + Indicates a positive voltage 
and the » Indicates a negative voltage. 

• < •■'•4: 9 * 

Function-Range Swi ten : A switch which selects the function of current, voltage, 
or resistance and the maxlmumteount to be measured. 



i<ftapun1 

Ohms-or Zero-Adjust : A knob usVko adjust the meter wh^n measuring resistance. 
Since the battery inside your meWr supplies power to the circuit when you are 
measuring resistance, adjustments have to be made for the various conditions of 
th,e battery. 

. Input Jacks : The place Where the test leads are Inserted— the red lead going - 
into the V-n-A jack and the black, lead going into the "common" jack. 



•»-.ar.A< ! v. 

Meter Scales : T$g$fftps marked with small divisions that show the amount 
measured, ft ru};^ is rf. type of scale used to measure distance. A meter scale 
is a type of s^e uV^- to* measure voltage, current, or resistance. 

Test Leads: -The wires that are used to connect different parts of a circuit to 
the metef: , to make a measurement., > . • 



tl-BE-13 
Using a VOM 



Information Sheet No. 1 



General description of the vol t-ohm-mll 11 ammeter. 'Commercial models of the 
vo-ohm-m 111 ammeter (VOM) multimeter are able to measure direct and Her- 
nating voltages, direct current , and resistance. .Additional functions are 
sometimes Included. A wide variety of models are available. 



POLARITY 
SWITCH 




RANGE SWITCH 
ANO FUNCTION 
SWITCH 



INPUT 
JACKS 



M'S 
2ER0 

ADJUSTMENT 



V 
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'I 



Most VOMS have several features In Common. They are the following: 



1. Polarity Switch selects +DC, -DC or AC depending on what It Is you are 
going to measure." (See drawing for, a typical example.) 



POLARITY SWITCH 




ZERO ADJUSTMENT 



INPUT JACKS 



^-FUNCTION -RANGE SWATCH 



2 « Function-Range Switch selects the function (current, voltage, or resis- 
tance) and the range to be measured (100 mA or 10 mA, etch Only one of 
the ranges can be selected at one time. 

3. Ohms Adjust (sometimes called zero ohms) Is a variable resistance In the 
ohmmeter circuit. It Is used to adjust the meter when measuring ohms to 
allow for changes In the voltage of the. Internal batteries. It Is adjusted 
wHh the range switch on any resistance range so that the needle points to 
rtro'on the ohms scale (usually on the right side) when the leads are 
touched (shorted) together. The meter Is adjusted to zero because at this 
time there Is no resistance between the leads of the meter, this adjust- 
ment must usually be made whenever the resistance range Is changed. 
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|nput Jack6 are the places on the meter where the test leads are connected. 

They are all clearly labeled, and If there 1s any question as their usage, 

- — co n sult t he O per at o r's M a n ual for sp ecif i c in fo rm atio n . Most m e asurements 

are made by using the ♦ and - (common) Slacks. 

5 » Meter Scales are like a curved ruler 4nd are marked wljth small divisions 
from whlqh values may be read. 

6. Test Leads are the wires that are used to connect the meter^to the circuit 
under test. The red lead 1s considered positive (+). and the black lead Is 
negative (-) or common. Connecting tlfese leads correctly Is called observ- 
ing correct polarity. Incorrect powr^ty 1n DC circuits will cause the 
needle to deflect or move backward^ Hmd damagg could result. In AC 
circuits, polarity 1s not Important). \ 

-AU VOMS have one thing 1n common: they "have a very sensitive meter movement. 
t The meter's range and function are changed to measure various voltages and 
currents. 

• i ' • 



1 



A 
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Self-Test 



General description of the volt-ohm-mil 11 ammeter 
(Select from answers at bottom of page.) ^ 

1. Polarity Switch • 

2. Function-Range Switch^ 

3. Ohms Adjust ■ 

4. Input Jacks ' . 

5. Meter Scales 




6. Test Leads 

✓ . — : - 

a. Used to adjust the meter when measuring ohms, 
b^illres that are used to connect the meter to the circuit. 

c. Selects +DC, -DC, depending on what you are going to measure. 

d. Marked with small divisions from which values may b& read. 

' i 

e* Selects voltage, current t or resistance and the maximum amount to be 
measured. • — - 

f. Places on the meter where the test leads are conqected. *. 



* 
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Information Sheet No. 2 

General procedure for using a VOM to measure voltage 

The following Is an outline of the bask parts of .the meter used to measure DC 
voltages and the general procedure for measuring voltage with a VOM or multl- . 
meter. This will fit the most common types of meters with few variations. 

1. Needle Adjustment For the meter Indications to be as accurate as pds- 
'I slble, the needle should rest dlre^ly over zero on the left side of the 

scale when the meter Is disconnected. If, the needle does not sit directly 
i over zero on the left, It should -be adjusted only by someone who knows the 

proper method of setting the meter. 

2*. Lead Placement Place the 4eads In the proper Input jacks. The leads are 
connected red to positive -(+) , and tbi black to negative (-) or common. 

3 * Polarity Switch If your meter Is equipped with a polarity switch, turn,Jt 
to the position that represents the type of voltage you. ^tre measuring (At 
or DC). If the voltage under measure Is DC, have the switch on W+ for 
measurements. The DC- Is used jbnfly in special cases such as when you are 
measuring negative DC voltages. On meters that have "AC volts" and "DC 
volts" Included on the range switch, be sure to select the correct ranges as 
well as the type of voltage. 

r 

4 * Function-Range Switch TuH this switch to the highest voltage range. This 
step should be done/ffleTl measuring any voltages unless you are definitely 
sure that the voltage will not exceed th^ range yoltage. 

5 « Connecting thelteter Always turn off the power when making a connection to 
provide for personal safety. The leads are connected across (in parallel 
with) the part of the circuit under test. In DC measurements, you connect 
the black lead to the most negative point of the circuit* and the red lead 
to the most positive point. If you are urtsure of the connection, consult 
your instructor. 

6. Circuit On If the voltage reading Is within a lower range (In the lower 
1/4 of the scale), turn the range- switch down until the needle moves above 
the 1/4 scale mark. 'Be careful not to turn down more than one range step 
^t a time. * 

7. After the reading has been made, turn the circuit off, remove the meter, 
and turn the meter to "OFF" or to the highest range to protect the meter*. 



/ 

* 
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IMPORTANT . ♦ 

General- precautions should be followed with the VOM as with any other meter. 
Some of these are as follows: 

When measuring voltage, the circuit Is necessarily alive, so keep one hand 
in your pocket. This 1s a safety precaution. If you use two hands con- 
necting the meter to a circuit, you are placing yourself 1n parallel with 
the circuit and may have a short circuit through your body. When electri- 
city passes through your heart, 1t can, and probably will, cause severe 
shock and possibly death. Do not be afraid of electricity; RESPECT IT! 

When" measuring voltage, do not have tfte meter set to measure ohms or mllHamps . 
as you will damage the meter . I " ' ~t 7 
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■ i ■ *> 

Equipment: 

One VOM , " ' * ' / 

One DC voltage source - " • . • / 

Procedure: ■ - — »' ' 



1. Set meter function range switch for highest +DC volts range, and hook up 
test leads (red u plus and black to minus). Have Struct or check. 



2* Plug In your vol(age source an,d locate the "common" and 30 VQC terminals. 

3. Connect your black lead to the "common" terminal and your red lead to the 
■V terminal. 

4. Does your meter needle move? If not, you may be on too high a. range. 
Slowly switch the range switch to lower ranges one at a time until your 
needle moves up to the center part of the scale. DO NOT GO OFF SCALE OR 
YOU MAY DAMAGE YOUR METER 1 1 (When the needle starts, to move up onto the 
scale, stop and read the value to make sure It does not, exceed the range 
of the nexriower .range),. ; USE THE SCALE THAT "FITS" YOUR RANGE SETTING. 

How much^»o>*f?ge did you measure? " 

If you measured about $0 volts DC, then continue on and measure the 
remaining DC .voltages as marked on the source. Record your measurements 
in the chart pelow. 

\ ' * 
TERMINAL \yOLTAGE MEASURED VOLTAGE INSTRUCTOR'S OK 

30 VDC 



18 VDC 



t 



12 VDC 



5 VDC 



5. Get your instructor's evaluation. 

* * 

This may seem yery easy to you^ut It' takej a lots of practice to make 
accurate vpltage measurements, and many mistakes can be made - TAKE TIME 
and CARE . • 



.V < 
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Task B 

Equipment: * 
"One VOM 

\One AC voltage source 

v ' 

Procedure: * - 

1. Set meter function -range switch for highest AC range* Hook up test leads 
In proper Input jacks (have Instructor check). 

2. Plug In voltage source and locate the AC terminals. 

'3. Connect test leads to AC terminals of your voltage source (on AC, 
polarity does not matter). 

4. Observe scale and reduce ranges slowly one step at a time until the 
needle rests In the upper half of the scale. 

5. Record your reading and range for AC. 



AC 



RANGE 



VOLTAGE 



Have Instructor evaluate. >: 



V 
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Information Sheet No. 3 

General Procedures for using a VOM to measure resistance 

The tallowing 1s an outline of the basic parts of the meter used to measure 
resistance. 

When measuring resistance with the VOM or multimeter, It Is necessary to follow 
certain general procedures. These are as follows: 

*• lead Placement Pike the leads Into the proper Input jacks. These will be 
the > (or v-n-A) and - jacks, as used for most other measurements. 

' . : 

2. Polarity Switch This switch Is placed 1n the DC+ position, as the meter 
will not work properly when on AC or DC-, 

3 * Meter Zero The meter must be set to zero to measure resistance. ; 'Nearly 
all VOMs have the highest" resistance where the smallest current flows. 
The highest resistance readings are, therefore, on the left of the scale, 
and the VOM usually does not have an adjustment for this side, fye meter 
zero allows the operator to set the meter so most current 1s flowing when 
the resistance, 1s zero. This adjustment Is made as follows; 

Step a»— -With the range switch on the resistance range desired, touch the 
two leads together (short rcult). 

Step b: Move the zero adjustment so the needle points over the extreme 

right hand side to zero on the ohms, scale. 
• '! " • - • • * A 
Step c: Dlscjonnect the leads. Do not leave the leads shorted together, as 

thl^ will run down the battery 1n the meter! 

4. Function-Range Switch This switch may be placed on any range desired for 
resistance measurements. The rarwe switch selects the multiplier for the 
meter. To find the actual resistance of the circuit, take the reading from 
the meter scale and multiply 1t by the number on the range. For example, 
1f the reading on the VOM 1s 2.2 and the range 1s R x 100, the value would 
be 2.2 times 100, or 220. 

5. Read the meter scale and multiply by the number Indicated on the range 
setting, and record the value 1f necessary. {If a range setting-adjustment 
Is necessary for a good reading (In the center two-thirds of the scale), be 
sure- to check ze>o ohms again at the new range setting). 

6. When finished with the readings, turn the meter\to the "OFF" position or to 
the highest voltage range to protect the meter. \ 
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Task C - ■ ' : i ' . . * 

Equipment; * * • V 



One. yOM./ ; . | 

One resistor assortment fat least 10 resistors) 



Procedure : 



You are going to measure the resistance of some resistors that may have a 
wide range of values. NOTE: All the ohms ranges go from zero to Infinity 
( «,). There are two things to remember: 1) Your most accurate reading 
will be 1n the center two-thirds of the meter scale so you want to^select 
the range that will get you 1n that area 1f possible. 2) You must*zero" 

your meter every time you change ranges. (See step 3). 

.. • • • « 

1. Insert test leads Into proper Input jacks. 

2. Select resistance range. 

3. Zero "your meter on this range. _ 

A. Connect leads together (short). ' 

B. Slowly turn "ohms adjust" knob until the needle 1s exactly over 
the zero of the ohms scale. If the needle won't go all tie way to 
zero on a certain range (usually a lower range) , have your 
Instructor check 1t. You may need a new battery 1n your meter. 

4. Touxh the test leads to each end of the resistors and carefully read 
eacn value and chart below. Also 11st the color-code value fqr 
each. » . . t 

• . . ^« ^ 

COLOR-CODED VALUE METER READING 



Have your' Instructor evaluate. 



." ■■ ■ A 
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Information Sheet No. 4. 

General Procedure for Using a VOM »tb Measure Current 

The following 1s an outline of the'basic parts of the meter used to measure 
current. 

When measuring current with a VOM, 1t Is necessary to follow certain general 
procedures. Typical procedures for measuring m1H1amperes are Ts follows : 

1. Lead Placement Place the leads 1n the proper Input jacks. Usually the 
leads are connected to the + and * jacks, as before for mil 11 amps. Other 
jacks for amps or for mlcroamps are available when reading these respec- 
>■ tlve values of current. ' 



2. 



3. 



4. 



Polarity Switch This switch 1s to be on;DC+, as the VOMs do not usually 
measure AC current. . / . 

Function-Range Switch Turn this swltchjto the highest range . This step 
should be done when measuring any current, unless you are definitely sure 
that the current will be less than maximum for a lower range. 

Meter Connection To be measured, all of the current that flows through 
the component must also go through the meter.' To make this possible, 1t 
1s. necessary to open the circuit and Insert the meter In series . Do no t 
connect as a voltmeter or ohmmeter or you will probably damage the"meter. 
Assume we have the circuit of Figure 1, and we wish to measure the current 
at point B. 



RESISTOR 
■W 



VOLTAGE SOURCE 



- + 



f 



Figure 1 

Break the circuit at point B as shown 1n figure 2 



A RESISTOR B 
• — — VV A § 



% VOLTAG E kXJRCE 
- 4- 

J4 

Figure Z^ t 



U5 



A. 
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Connect the meter as shown 1n Figure 3 with the negative lead toward the 
negative side of the circuit (point B, 1n this case) and the positive l«ad to 
the positive side of the circuit (shown as point C). 




• — V\A 

RESISTOR 



- + 



V0LTA6E 
SOURCE 



Figure 3 



5. Voltage On With the voltage turned on, the current Is flowing through the 
circuit. If the needle does not go above one quarter of the scale, turn 
the range switch down one range at a time until the needle moves Into the 
middle or upper half of the scale. (Figure 4.) 
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Voltage Off Turn off the voltage, remove the meter, aN turn the meter '* 
"OFF" or to the h1ghest~Vottage range to protect the VOM. Switching to the 
highest voltage range switches out the ohmmeter and the ammeter sections of 
the VOM. Both the ohmmeter and ammeter. sect Ions can be easily damaged by 
external voltages.. Only switch to the ohmmeter or ammeter sections when 
you need them. Otherwise switch to "0CF M or to a high voltage range for 
prfttectlon of the .meter. 1 



IMPORTANT . 

■ i n ■ i ■! i mt ■ * 

Since 1t 1s very easy to damage the meter when attempting to measure 
current, 1t is Important to use extreme caution when using the current 
function. Many meters measure only up to 1/2 amp (500 mil l lamps). So 
don't measure ANY CURRENT you are not sure 1s within, the range of your ♦ 
meter!! (One-half amp is NOT MUCH.) Another common error 1s placing your 
test leads across a voltage drop (1n parallel to the load). The current 
functioit on your meter acts like a short circuit and must |>e 1n series with 
the load, whereas your volt functions tend to act )1ke an open switch. 



CURRENT 
METER 



VOLTAGE 
METER 
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Task D 

Equipment: 

One VOM • 
One voltage source * 1 • 

Four resistors, 1/2 watt One 100& • 

One l|c 

One 1 Ok - . , ' 

One 100k , 

* ' • '. . r. 

Procedure: 

1. List the ranges on your meter for current (DC mA) starting with highest 

first. - ' ' 

HIGHEST % . ' 



_ ; _ ; -. •* 

LOWEST . 

i " " ■ - 

Now, in the right hand column, record the highest point on this scale that 
your, needle can read to be able to switch safely to the next lower range. 
For instance, say you have ranges 500 mA, *50 mA, 100 mA, 50 mA, 10 mA, 5 mA. 

HIGHEST SAFE READING AT WHICH. TO 
, RANGES SWITCH DOWN TO NEXT LOWER SCALE. 

500 mA 250 

250 mA , 

100 mA ^ 

( , 

-50 mA ' . 

10 mA ... 

5 mA 
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The highest safe point on the 500 mA scale would be 250 so we would put 250 
1n the right Jiand column. If the needle goes above that point , It would 
damage the meter 1f you switched to the next lower range. . 

Have your Instructor check your understanding of this before proceeding. 

2. Set current function to highest range and place test leads In proper Input 
jacks. ^ 

^ 

3. Plug 1n voltage source and determine 'common' and 5 volt DC terminal s. 
Connect your 100 resistor to the 5 volt terminal and your black test lead 
to the common terminal of your voltage source. DO NOT CONNECT YOUR RED 
TEST LEAD . Call Instructor to check propeV set up of the following: 

■ . t — ■ 

Meter range and function. 
Test lead connection at meter. 



Proper output terminal of voltage source. 



» 

Correct resistor. 



~TuTT 
TOW 



* 



4. When approved, hook up red lead and adjust range switch CAREFULLY until you 
can make your reading. 

• * 

5. Record this current: _^ . . 

You should measure somewhere around 50 mA. If you do a not get anywhere near 
this, value, consult your instructor before proceeding. 

If your reading checks out, proceed to use the remaining resistors. Record 
each measurement in the chart below. 

RESISTOR CURRE NT MEASURED INSTRUCTOR'S OK * \ 

— im 



19 



14.9 



/ 
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Final Evaluation 



PROPER READINGS ON: 


OK 


Re-Do 


TASK A 


TASK B 




,, ■ *v 


TASK C 




' ' . ' ■'*" * 
V""' * 


TASK D 






METER STILL WORKS PKOPf-RLY 




V 



When 'all checks indicate OK, proceed to the next learning package. 
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Goal: 


% 

Performance Indicators: 


The apprentice will be able to 
ccnpiii c elect rical problems 
through use ol Ohm's Law, 

r 


1. Compute current from given 
f voltage and resistance. 

2, Compute resistance from given 
current and voltage/ 


r 

7 ... 


3. Compute current from given 
voltage and resistance* 


\ 

• 


L 

\ • 

* * 


o ... • 


• t 
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Objectives 

# 

Given: 
Ohm's Law 



Materials to perform a 
series of. tasks 

ft 



Directions 

> 

Obtain the following: 
one circuit board 
two IK resistors (1,000 ohm) 
one multimeter 

one variable voltage power supply 



The student will : v 

Complete a Final Test solving Ohm's 
Law problems with 80% accuracy. 

Complete a Final Test on Ohm's Law 
relationships wkh 80% accuracy. 

Complete^ Task for current. 

Complete a Task for voltage. 

Complete a Task for resistance. 




Learning Activities 



tudy the Key Words list. 
Read. the Information Sheets. 
Do the exercise on memorizing Ohm's Law. 
Do the Self Test on Ohm's Law problems. 
Do the Self Test on Ohm's Law equations. 
Do the Task on Ohm's Law for current. 
Do the Task on Ohm's Law for voltage, 
go the Task on Ohm's Law for resistance. 



To 



0 Final Tests I and II. 
Obtain Final Evaluation. 
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Key/Words 

S U Math symbol f6r current ..• t 

R: Math symbol for resistance 
E: Math symbol for voltage 

1 * 0nm ' s Law equation f#r current when voltage and resistance are 
»< known. . . 

4 t 

R ■ E 0nm ' s L «w equation for resistance when voltage and current are 
known. 



E » I R Ohm's Law equation for voltage when current and resistance are 
known. 



of ■ * 

Directly Proportional : A math relationship 1n an equation that result* 1n a 
larger or smaller answer when the terms on the other side of the equation get 
larger Or smaller. 

» 

Inversely Proportional : A math relationship in an equation that results In a 
smaller answer when the terms on the other side of the equation get larger, or 
a larger answer when the terms get smaller on the other side of $he equation/ 

Ohrt^s Law Pie ; A circle used to easily memorize each of the Ohn/s Law equa- 
tions. To find "I" you would put a finger over the "I" term and the remaining 
part would form the equation: I» E 

T * > 



, , EL-BE-15 

** ' ■ Ohm's Law 

Information Sheet ' ± 

Voltage, resistance and current are related In a very specfal way. This rela- 
tionship Is stated In a law of electricity called Ohm's/«Law. Technically 
stated, the law reads as follows: "The current through a resistance Is dir- 
ectly proportional to the voltage and inversely proportional the the resls- 
tance". Mathematically thls^ls expressed as the equation I « E 

^ R 

0 . ■ 

Since there are three terms In the Ohm's Law relationship*, I, E and R, three 
equations may be derived from this statement. The three equations ara as 
follows : 

'• * 
For Current ; I ■ E (E divided by R) (E $ R) 

T* 

For Voltage E * IR (I times R) (I x R) 

For Resistance , R * E (E divided by I) (E * I) 

A simple rule to memorize each equation Involves using an Ohm's Law pie. 




***MEM0RIZE THIS*** 



To solve for'voltage, you simply put°a finger over the E and you get I x R, or 
E.IR. ■ r , " 

i ' 

*To solve for current, put a finger over the I and you get E or I =» E . ♦ 

T ~ 

To solve for resistance, put a finger over the R and you get E or R - E . 

~T "T* 

/ • ■ 

Stmply cover the letter you want to solve fbrand.the remaining letters fdrm 
your equation/ # . 



V 



# 



TV 



i 
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The basic use for OhmVLaw Is to calculate* for the following; 



l.-J The voltage if ^e know the current and reslstang^E ■ IR. - 

1* The resistance If we know the current .and voltage. R ■ E . , 



v.- 



; 3. The current If we know the resistance arid voltage. -I ■ E . 

IT 



In addition you need to remember that when using Ohm's Law' in a circuit you 
must use each term as follows: ' . , 

• - 

I is the current .through the resistor . 

E is the voltage across the resistor . 

R is the value of the resistor . < »• 

***You must know two of the three terms of each equation to solve fpr the 
third.*** 



I CURRENT THROUGH- 
r t RESISTOR " . 



RESISTOR + 



i) Voltage across . 

RESISTOR 



You may look at each of the three terms another way. 

1. I is the total current through the entire circuit. 

. 2. R Is the total resistance of the entire circuit. 

' 3. E Is the total voltage applied to the circuit."' 
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TOTAL CURRENT 
FROM SUPPLY 

TOTAL VOLTAGE . 
FOR CIRCUIT 



R 



TOTAL 
RE56TANCE 



When solving for Ohm's Law equations remember to convert all values for v 
resistance, voltage, and current to their basic units. 

t * ■ 

The basic unit for resistance Is ^e ohm. 

The basic unit for voltage 1s the volt. 

The basic unit for current is the ampere. 

To help you work problems using Ohm's Law, the/ equations w141 be presented 
showing all conversions to ohms, volts, and amps necessary to solve each 
equation. Intthe following circuit diagrams the symbol(A)1s used to represent 
the ammeter that Is measuring current (I) In amps. 

Now let's try a few problems using each equations to make sure you can follow 
the math Involved. 

FOR CURRENT 



GIVEN. 

E= 10 volts 
R- 1000 ft or lk 



UNKOWN CURRENT 
IN AMMETER 



VOLTMETER 
READS IOVDLT5 



I - E 

IT 

I - 10 

1000 (k ohms converted 
to ohms) 

I ■ .010 imps or 10mA 
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FOR RESISTANCE 



GIVEN 

> 20 volts 

I*. '20mA or .020A 



AMMETER 

READS aOmA 

UNKOVW 
RESISTANCE 




Ar VOLTAGE 



GIVEN * 




1= 15mA or 


.015A 


R* lk or 1 


,000 

« 



AMMETER 
READS 15 friA 



VOLTMETER 
READS 20V 



UNKNOWN 
(v) WOLTAGEON 
T VAXTMETER 



R * E 
R = 20 



.02OA (20mA converted 
to amps) / 

• / 

R = .1,000 n or lie 



E -MR 

E t .015A x 1,000 



mA converted 
to amps 



E - 15 volts 
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To memorize the Ohm's Law equations, work out the following problems. Check 
by writing the equation and solving. In the following circuits the battery 
voltage will be the same as the voltage across the resistor. 

3A 

I 



□ 




■vV> — ■ 



15V 




4 



|50V, 



HI 




7 3 mA 



T 



2^ 




a 



3A 



R 



-+ 9V 
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Self-Test 

Ohm's Law Problems 

1. Write the 3 formulas for Ohm's Law. 



I- 




ID 



X 



E--I20V\ 




1=10 A 



1= I A y 



•R--IOOO-* 



M 



75V 



1^500 mA 
(-5A) 



R= 



j: 



i=ioomA 

*M'A) 



ft =5 ft-* 

(5000) 



4r F> 



E*5V 



.1= 



R--500""- 
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Final Test 1 



i 
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Solve the following problems using the appropriate form of Ohm's Law for each 
•one'. The fcfrst one Is done for you as an example. 




5^ 



. + 



(OV 



R-- A* : * 



\ 



1= 



25 s1 



150V 



31^ 



4- 



15V 
llh 



1= 



3A 



V 



3-^ 



150V 



1= 



9 
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Each equation tells us what will happen to our answer as each term goes up or 
down In value. v 

Refer to the Illustration below: 

4 

DIRECTLY PROPORTIONAL TERM 



{ ' 1 * I (!• goes up and ? goes u , p ) t^g° es d ° wn and La 

R (R goes, up and I goes down) ( R goes down and I 



INVERSELY PROPORTIONAL TERM 
I * Current In amps 



lo es down 
goes up 



N (I goes down and E .goes down) (I goes up A E goes up) 
B * E b IR (R.goes up, A E goes up)(R goes down & E goes down ) 



BOTH TERMS ARE DIRECTLY PROPORTIONAL 
Voltage In volts 



DIRECTLY PROPORTIONAL TEAM 

C. R » E (| goes upjancf R goes up) 
I ( I. goes up and R goes down 

t 

INVERSELY PROPORTIONAL TERM 
R » Resistance In ohms. 



(E goes down and R goes down) 
) (I goes down and R goes up) 



t Remember thf basic way Ohm's Law was stated: The 1 current through a resistor Is 
directly proportional to the voltage across the resistor and Inversely pro- 
portional to the resistance of the resistor. In other words when the voltage 
goes up, the current goes up; when the resistance goes tup, the current goes 
down. Mathematically It looks like this: u 

(any term on top,of the line on the right side of the equation Is ' 
E directly proportional to the term on the left side). 

I - IT * ' • 

(any term on the bottom of the line Is Inversely proportional to the 
term on the left side. 

* • . ' 

You should be able to see that; within this equation, If the voltage goes up, 
the current will go up. If the resistance goes up, the current will go down. 



» 7 
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Ok 



I 



Consider the following example of direct proportion , 

. E 

IT 



I * 



20V 
10« 



I * 2A 



B. I ■ 



I * 



1 
R 

40V 
10 ft 



I - 4A 



Current In $*1s 
2 times that of A 



GIVEN 
E - 20 V 
R * 10 ft 





GIVEN 
E • 40V 
R - 10ft 




Voltage In B Is 
2 times that of A 



Note that when the voltage Increased by 2 times, the current Increased by 2 
times, or by the same proportion. Therefore, we say that the voltage and the 
current are In direct proportion. 




9 
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Next consider an* example of Inverse, proportion t 



A. 



I * 



40V 

3m> 



I - 2A 



1 



B. I - 
I • 

» I- 



4QY ' 
ton 



Current In B Is 
2 times that of, A 




GIVEN 

- 40V 

- 10fl 
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Resistance In B 
Is H ttiat of A 



4A 



Note that when the resistance was cut 1n half (1/2), the, current Increased by 2 
times or by the opposite proportion. Recall from your equations package that 2 
1s the opposite. of 1/2; therefore; when the resistance was cut 1n half, the 
current doubled, or Increased by an opposite or Inverse proportion** The above 
equation shows current and resistance to be Inversely proportional. 



4 
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Let's consider another example of Inverse proportion. 



Hoi 



A, 



'4 



I « 2A- 



B. I ■ 



I ■ 



R 



40V 



5ft 

I ■ 8A^J 




Current In B Is 
4 times that of A 



J 



GIVEN 
E ■ 40V 
R ■ 20ft 





Resistance 1n B 
Is H that of A 



/ 



Note that when the resistance was cut to v l-/4 1n B, the current In B Increased 
by 4 times or by the opposite proportion. Recall from your equations package 
that 4 Is the opposlte of 1/4; therefore* when the resistance was cut to 1/4, 
the current Increased by the opposite proportion of 4 times. . 

The two examples show that resistance and current are inversely proportional to 
each other. When resistance goes down, the current will always go up by the 
opposite proportion* 
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At this point, you should be familiar with the Idea of direct .proportion and 
Inverse proportion. Let's look at each formula or equation for Ohm's Law 
and state it In spoken terms. 



For Current I 



E The current Is directly proportional to the voltage 
R and Inversely proportional to the resistance. 



For Voltage E - IR 



For Resistance R 



The voltage Is directly proportional to either the 
current or the resistance. 

'.V . 

E The Resistance Is directly proportional to the 
voltage and Inversely proportional to the current. 



You may question why we go to all this trouble learning about the relationships 
of each formula. Why not just do the math Indicated by each equation? The 
reason Is that understanding Ohm's Law Is necessary to succeed In applying 1t. 
At this point It would be easy to show you an equation /give you the numbers to 
substitute for the symbols, and let you solve for the answer. You may have to 
learn to do this for testing purposes to be sure you can work the problems, but 
It Is of little value when confronted with an electronic problem 'in some type 
of racMo or television receiver. Your skill in using your knowledge will be In 
how you analyze the problem. You must be able to Interpret the voltage, 
resistance and current measurements that are different from tiwit Called fol^ dn 
a schematic diagram. This Is the real test of your ability. In a later unit • 
we will explore troubleshooting \js1ng many of the Ideas presented In this 
learning u*1t. 
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Self-Test 



OiaCCTLY PROPORTIONAL VALUES & /INVERSELY PROPORTIONAL VALUES 
EQUATIONS. 



IG OHM'S LAW 



# 1. The resistance 1n a circuit went down but the current stayed the same. 
What happened? ___/ 



a. Voltage was Increased, ■ v 

,.'b. Voltage also depreased. A 

c. Voltage stayed jthe same. , - \ 

2. If resistance stays the same and the voluae decreases, what will the 
, current do? . 

a. Increase 

b. Decrease \ 

c. Stay tne same^ . ,< 

3. The current In a circuit went down but the voltage stayed the .same. What 
happened? # 1 • * 

- . -Jl* ■ 

Jj. Resistance Increased. _ \ 4 . 

Resistance decreased." % 
cA Resistance stayeck»ttfe same. 

4. If the current doubles through a resistor, the voltage -across- .the resistor 
will •• . 

a. remain the same. « 

b. be 1/2 of the original value,. ■ ' . . — 

c. be twice the original value. 



5. If the resistance In a reststor doubles, the current thr«flh the resistor 

will * r * ■' ■ 

- ^ . : • ' • ■ * 

a. double In value. ♦ . * 

b. be 1/2 the original value, 

c. remain the same. 



/ 



9 

ERIC 



18 



■17Q |7 , 



' ^ EL-BE-15 
r Ohm's Law 



Task A V * 

Obtain the following: 

1 multimeter ^ 

1 ammeter 

2 lk resistors 

1 resistor of unknown value 
1 clrciit. breadboard 
1 power supply ' . 

CONSTRUCT THE FOLLOWING CIRCUIT: 




STEP 1. Us t-ng- Ohm's Law, equation for current, solve for the current through 
the ammeter. (Do not appjy power to this.clrcult.) ■ mA 




STEP N Ss v Now apply power to the circuit fcnd record the current measured by the 
ter. , _ < mA ( * 

your calculated value in step 1 and your measured value in step 2 1 
shoulo come out the same, .. 4 

STEP 3. .Open the jumper so no current will read on the meter. Reduce the 
voltage to 10 voUs. 10 volts is' exactly 1/2 the voltage used in 
Step 2., Using the rule that current .and voltage are directly pro- 
portional/, the current should be of the value measured 1n 
Step 2. fThe exact ampunt of current should now be m A. 

STEP 4. Connect the Jumper so Aat the ammeter will measure current*' Recced 
the current measured by the meter i m A. 

» THE CURRENT DECREASE MEASURED IN STEP 4 SHOULD MATCH YOUR ESTIMATIONS 
IN STEP 3. . i 

STEP 5. Obtain .your Instructor^ evaluation. .'* 



V ' . - Ohm's Law. 

Task B 

CONSTRUCT THE FOLLOWING CIRCUIT: 

♦ 




STEP 1, Cover the face of the mater located on the power supply, > 

STEP 2. Using the Ohm's Law equation for solving far voltage , sol ve for the 
voltage across the resistor (Er) and* record the value, V 

STEP 3. Starting at zero volts, turn the power supply voltage up until the 

ammeter reads 10mA. Measure the voltage across the lk resistor and 
record the value. V 

YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEP 2 SHOULD MATCH 
YOUR MEASURED VALUE IN STEP 3. . \ 



STEP 4. Rembve the voltmeter from across the lk resistor. 



STEP 5. Increase the power supply voltage Until the current doubles or 
equals 20mA. .<•;., ' My'f '. . 

Using the rule that current and voltage are directly proportional, 
the new voltage measured across the lk resistor should increase^ by 
• ",a factor of and read . volti. ( 

; - « turn 1 .-' ' / ■'."*.- / 

STE P 6... Attach the voltmeter across %&\lfaiHloT/<ki4' me.Wjrre the, new J 
'.'■voltage*. :=.','• ;.\;'" .-. .'•'•'. :: ' r '••■■};< ;'. 



. YOUR ESTIMATE IN "STEP 5 5H0ULD MATCH YOUR MEASURED VALyE IN STEP 



■7/ 



V.--/ :,y. 
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Task C 



CONSTRUCT THE FOLLOWING CIRCUIT: 



UNKNOWN 
AMMETER RE50TDR 
VALUE 



J7 

— E 



07 



ATTACH METER' 
-r TO -AS INDICATED 




f 

i STEP 1. Have your Instructor cover the color code on a resistor by using 
masking tape. 

STEP 2. Install the resistor as Indicated 1n the above diagram. 

STEP 3. Starting with the voltage at zero, Increase the voltage until the 
ammeter reads 10mA. 

» 

STEP 4. "Measure and record the voltage across the unknown resistor. 



STEP 5. Using Ohm's. Law, calculate tJbe value d the- r es l st or us 1 ng^ the-4flnW£ 
current and the voltage you measured 1n Step 4. 



STEP 6. Remove the resistor from the circuit. 



\ 



STEP 7. Uslflg your multimeter, set to read resistance, measure and record the 
value of the unknown resistor. Ohms 

* > ■ / 

YOUR CALCULATED VALUE FROM STEP 5 SHOULD MATCH YOUR MEASURED VALUE 'IN 
STEP 7. , 



STEP, 8. Obtain your Instructor's evaluation. 
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Final fest 2 



1. The resistance In a circuit went up but the current stayed the same. What 
happened? .* \ ' 

* ■*■ . . 

. A. Voltage was Increased. ; 

B. Voltage was decreased. v . - 
"# C. Jtoltage stayed the same, 

2. If the resistance stays the same and the voltage Increases, what will the 
current do? v • 

A, Increase. i 
*B. Decrease. 

C. Stay the same. 

3. The current 1n a circuit went up but. the voltage stayed the same. What 
happened? . <y 

A. Resistance Increased. 

B. Resistance decreased, 

C. Resistance stayed the same. 

4. If the, current through a resistor Increases 3 times, the voltage across the 
resistor will 

A. remain the same. 

B. be 1/3 of the original value* 

C. be three (3) times the original value. 

5. If the resistance in a resistor decreased by 1/2, the current through the 
01 resistor wWl •. '» 

A. double (X2) In value. 

B. be 1/2 of the original value. 

C. remain the same. 0 » 
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Pinal Evaluation 



OK 



Re Do 



Completed the Task on Ohm's law for current 



Completed the Task on Ohn's law for voltage 



Completed the Task on Ohm's law for resistance 



Completed final Test I on Ohm's Law problems 
with 80% accuracy. . . ' . ■ ■ 



Completed Final Test II on Ohm's Law relationships 
with 80% accuracy. : - ; '■ ■ ; 



When all checks Indicate OK, proceed to the next learning package. 



0 



\ 
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Answers to Exercise #i 



U R 



E 

t 



3V in 
IF 



2. I * E 0 10 ■ 



2A 



3. E f IR ■ 3A X 3ft ■ 9V 
4.1* E « 150V « 6A 



15a 



7 : 



5. I - E 

\ IT 



IS - .005 - 4)05A or 5mA 
3 ,000ft 



6'. I 



.E 

"TT 



150V 
T7M 



.03A or 30mA 



74 E = °IR = .003A X 2,000ft - 6V 

8? R = E * 9V = 3ft 



> 



Answers to Self- fest #1 

1 "V . 

1. I 3 E 

IT 



R » E 



E » IR. 



2. I « JE_ 

R 

3. 1 = E 



Any order is correct as long as the equation Is written correctly. 

I ■ .2A or 200 mA 



I I » 20V 

R ■ 120V 



R - 12ft 



4. E * 0 x R ; E - 1 x 1,000ft; E - 1.000V or lkV 

5. R * E •• * R - 75V - R« 150N 



6. E * IR 
7 * 1 * I 



E - .1/t x 5,000ft ! £, * 500V 



5V 



"I - 10mA or .010A 
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Answers to Self-Te^t #2 

1. B. R » .X- Restance and voltage are terms that are directly pro- 

i" portlonal. Therefore, If the resistance goes down, the 
voltage would have to go down. 

* . 

2. B. I . JL Current and voltage are terms that are directly propor- 

R^ tlonal. Therefore, If the voltage decreases , the current 
would have to decrease. 

3 a. R « -I- Current and s resistance are Inversely proportional terms. 

I Therefore, If the current goes down, the resistance would 
have to go up or Increase. 

4. C. E ■ I x R In this equation, current and resistance are ,terms that are 

directly proportional. Therefore, if the current doubles, 
the voltage will double, or be twice the original value. ^ 

5. b I * JL Tn * s equation shows current and resistance to be Inversely 

R proportional. Therefore, doubling the resistance (X2). will 
have the opposite effect; on the current, and It will be 1/2 
of Its value (opposlte'of 2 Is 1/2). 
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Goal: 



The apprentice will be able to use 
Watt's Law in computing problems 
in electr.ical power. 



V 



, 1 



Kiii it m ii nug 



41 



Performance Indicator's: 

1, Compute wattage from given / 
voltage and amperage* 4 

2^ Compute amperage fropi given" 
wattage, and vol tags. 

3* Compute voltage from given 
amperage and wattage, „ s 
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Objectives 



Given: 

Resistors of different wattage 
and equipment to perform a task* 

Watt's Law 
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The student will f . 

Perform an experiment demonstrating 
P, I , and E relationships using 
l^t'^s Law. 

Answer a set oA tes^questions with 
80 percent accuracy. 



Directions 



Obtain the following material : 

Circuit Board 
Power Supply 
Multimeter 




watt resistor 



10 ohm 1 watt resistor 



/ 



Learning Activities 



m Study, Key Words list. 
.\ Read Information Sheet. 



Oo Self-Jest on Watt's Law equations. 
Do Task on Power. 

*Do Final Test on Watt's Law. * 
Obtain Final Evaluation. 
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Key Words 
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Power : Work done by electrical present jui voltage. .• ' • 

• ' •. 

W_att: The basic unit or power. r. 

Watt-hour : The basic unit of power multiplied by time. 

Wattage : The amount of power In watts used. to do work by an electrical device. 
Watt's Law : P * I X t • 

Amphour : The^mount of current per hour available in a battery. 



Power Dissipati on: The amount. of heat 
device doing work,, • i • 



generated in wafts by an electrical 



» > 



Watt's Law Pie: 




A memory aid to learning Watt's Law, 



Pi ssipate : To give off energy in the x form of heat. 



v 



l'0w«r/fintl Wdtt's Law 




The basic, unit <>f power i >. I he w.i!.!.. All of t.ho it.Ains jxjt ^TJuJidvc in your 
•bonit; that. use. »»IitI.i i< uy will tH I von how iiwd'i powVr they-, use l)y tellimi 
you hov/ many watts, they usu. \ 

Apprcix inicitH lust ol uporar. ion. of Applicam.es 

.a. 



>- 

ol 

3 



Appliance^ 



Toothbrush 
Clock 
^1T3ir Uryer 
$ewiny Machine 
Shaver ; 
Toaster 
Vacuum CI ucinei 
Radio . 

WdShiny Machine 
Coffee Maker 
TV , B a W • 
TV , Color 
Ui shwashiM 
Ret ri ger ,ttoi / 
Freezer 

'Manual L)ef rost 
Clothes.Dr^er^ 
Range witlr^fen 



Ref ri geratpr/ 



Freezer 



Auto Defrost 
Water v-Heater *' 
Centra) k/C 



Average 
Writ tage? 

. */') 

lb 

. 1146 ' 
630 
71 
bl2 
894 
4S 
MS 
J -AM 



48S6 
12,200 



44 w ; 
_l67U/ton,j 



Est. Cost per Month 
at $0.04 Pflr KWH 



f 




.003 
• .06 
.05 
,04 . 
.04 

;15 
.29 
.34 
'.35 
.33 
.1.06 
1.21 
2.33 



3.31 
3.92 
5.98 



14.91 
35.00 



\ 
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Information, Sheet 



'Power/and "Watt 's l aw 



You win often hearfbie words "alternate sources of eneagy" when describinn 
Zrl? n l T^T ° f electM < 1 ^ *el««r energy, sola'energy - 
energy and wind power come from different sources. The energy from all these 

l#t r M S ? Ur . Ce , S °? n be > sed t0 create electrical pres^re or electricity/ , 
Wherf thls electrical pressure does some work for us. sue}! as light a lamp or ' 

Z n » Jl dre i s1n9 , T*'^ the energy - The amount of energy we use Will 

depend on the type of, work being done by our electrical pressure. Jn this urt t 
we are not concerned with the energy Itself but with the work 7th t / s be ng"|V 
done. Power is the word used to describe the ability of this electrical 
pressure to do work. ^ Anytime electricity 1s used' to 'do^omethlng.'po^r 1s 
.app?1a^e n Vou Se are ***** upon ^a^^ ;f 1ect|J^. ; 





IP?* 






A stove, for example, uses more pbw^r than a TV set. The two electrical 
fflJ? 6 ? !! y ? ur h0 ?! that use the most P° wer are the hot water heater ana 
Hono He he I tep ' ? e s1ze of the 5111 that the electric company sendslou 
depends on how much power you use. Conserving the amount of power you "so ! 

?fT°hfw Very he t « y1ng t0 keep the * lectr1c bni « lowas^o ibie. 
lad? it 2 hZ X £*t V el ? Ct , Mc 5111 and tr1ed t0 "Wr* what > 
It ho. ~ „«1 9 ' ^ U/may h ; Ve / f ot1ced th «t you;*ere billed for the, amount^ 

s we a iTttZTs^ Um used tirtes the ^- in ho ^ the >™7 



.4 

/ 



(>wi'r ; ',irul Witt's law- 



J, 



The clearest example of the relationship of wattage us^d to work done- is tf+ie 
light bulb. You are, aware that 1 Oil watt bulb gives much more 1 ight. than a -40.. 



LOQ i 

watt bulb and requires much mbre* eldftric.ity to "produce, that^ii^ht'l /wo^t^'liome^ 
light bulbs, range from 25 tft 150 watts, me electric appliances thai you have V 
will average from 100 watts to several thousand watts. YouY elect ri$ eompa# ; 
wi 1 1 charge, you for. the amount of waft-hours used. Since you- are' b\j^ : lwW} 
once per month, several thousand watt-hours Vl 11 be on your bill each month. ; " 

. . < . .- /; ,. . ../ • '. • v 

To figure out how many watt-hours something will u se , -si mply rau rt i p 1 / the " 
amount of ppwer in watts the>appl i ance uses by how many hours it is 'turned 
on. For example, if you leave a 100 watt 1 ight bulb" on for 30" 'days or 720 ^ 
hours, you .woul d* use. 100, x 72*6 or 72,000 watt-hours. .This would normally be 
expressed as 72 kilowatt ;hour$: or 7.2 kwh. V 'JbL .'' 



The electric company charges a fixed, amount for each kilowatt-hour used. The 
electric lines usually supply 120, volts for -small appliances .and 240 volts for 
larger appliance*. If you do not hay e a device .copnec&ti to.the electrical 
outlet and^he device turned op,. then you are not using : any. electrical power " 
or energy. It is only when the item <is plugged.. In and turned on that energy - 
fir poy/ef in watts is heing used. v 

Power-ts used anytime y oil have a. conductor which connect ine sTo;t of the ' • 
electrical outlet to the other. The. conductor forms a p^nway "for the elec- 
tricity. The appliance or the electronic device which is plugged 'into" the 
wall represents a LOAD on the electrical service, to the house! Loads are often, 
represented in sfchematit diagrams asVa resistor and often idfecated* as. 



* WALL* OUTLET 



POWER CORD PRO V I DTfTATTTOR . 
ELECTRICITY TO FLOW FROM ONE ' ' 
OF. THE ..OUTLETS. TO THE OTHER; 




Sjjiemat i C Drawing . 
bve pictorial , 



;'|' ; '^f -#V: 





J 




CAR HEADl#ir ! S 



PowerTha ?LT r ? ' i ^ tt r y !' an s "nP'y, is ™ch: less than the anrtunt-if 
&ertha?VL»»!! Y "f ">««r1caM1 n , fe -}h y, 0ur home; * The St 
tttteTy ' ' y C< "' SUp| " y usua,,y ' ia,,ehds °" tV sU«andW|U of the 



V 





SMALL AMOUNT OF PuWfcR 



LARGE AMOUNT. OF POWER 



8m£? ^^^^^^^^^ 
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: ' ll.-BF-lh 
Power./ a ml. Watt 's Law 



. > <.- 



Devices that; get their, power from a' battery or power supply, such as that used 
In your experiments state, their power requirements i"n AMPS instead of WAWS. 
To fi.nd/out how many watte are required by a, device that tells you how much' 
curr^-.in .amps it requires wt.ll involve some calculations. Determine watts 
-needed '(or power) is the basic function of Watt's Law. Electrical "devices' that 
plug- into the. wall outlet will always have the powlr in watts f that they require 
printed somewhere on the device. 1 All other products that- use power from some 
typ^oT battery or pqwer supply usual ly tel l you how much "current in amps . they.- 
require. How to convert amps into watts -involves, an Equation .known : 'as Watt's 
l^w.. The law states that 1 watt of poweY is used when . 1 ,v61t.-of electricity 
causes I amp of electrical current to f Vow -through a 1 ohm. resistor. 



•' ■ V 



A 




IjVOLT 




OF 




» 'J 




"•(^;-RE.^SroR 



la^-ls j^ajto ^pressed in an equation that; ■ .utis voltage and -current *. . 
The •equation W. Watt's iaw -u like this:, " . ' 





POWER 

■ W 
watts' 



EQUALS 



CURRENT 
in 
amps 



•TIME'S-; •/.. ' V.VOLTAGE . ' 

! ., . • • ' in ' 

. ' volts' 




•feet s go back to the. problem of figuring out how much powers your headlights -or 
car- sta-rter may require from the,,battery. Due to the load Resistance Inside 
the. headlight,, '2 amps of current 'may f Itcjw when connected to a 12 volt battery. 
The car starter may repVesent a lower load resistance so that 50 amps of 
cu Went ;.^y f.Vow. -whrfn Connected to, the 12 volt battery; SinCe we tfnow the 
current : thrqugh each load and the voltage across each load , we can compute, 
the amounJt.of .power needed for each device. ; , : ; - . 



1 2 VOLT- 

/ -battIrv 



AMMETER READS. ^ 
2A -^J^ 



EL-BE 1 ^ 
P^wer/and Watt's Law 




P ■ 2A X 1? V 



<±> e 

12 VOLT 
BATTERY 



P * 24 watts 



AMMETER READS 
50A • / 



IX E 



P * 50A X 12 V' 



600 watts 



M CAR HEADLIGHT 

i . 



\ 



CAR STARTER 



From the equation P * I X E, you should recognize that all the terms ar.e 
directly proportional. This means that If the. value of the current or "voltage 
increases, the power will also increase. . The opposite 1s also true. If either 
the current or the voltage decreases, then the power used by the Item will also 
decrease. Most electrical Items require a certain voltage to operate properly 
so It Is not practical to reduce the voltage to lower the 1 power required. A 
new small 12 volt lantern battery may be able to supply only 1/2 amp for 1 hour. 
This njeans It has a rating of 1/2 ampere-hour. If we apply our Watt's Law 
usjng P = I X E, we can come up with how many watts it can supply. P « 1/2 amp 
X 12 volts - 6 watts. ! Let's try the same thing with a car battery rated <ft 
-bq amp-hr. 50 amp-hr means 1t can supRly 50 amps for 1 hour. P « I X E or 
P f 50A x 12 v - 600 watts. The total amount of energy the lantern battery - 
can supply ts 6 watts X 1 hour or 6 watt-hours, but the total amount of energy 
the car battery can supply is 600 watts X 1 hour or 600 watt-hours. 

As you can see from the examples above, the smaller battery cannot supply very 
much energy," only 6 watt-hours. The larger car battery can supply 600 watt- 
hours. Since they are both rated as providing 12 volts, you should recognize 
that-1t s not how much voltage they provide but how much power and enerqy thev 
can supply that makes the difference. . 

The type of power we have discussed so far has detflt with* the amount of power 
re( l u ; r * d to do. « certain work In a' certain time: the car battery to turn the • 
started or light the headlight, the 110 volt wall plug to run a household 
appliance. The word power can alsb b£ used to express the amount of heat 
generated 1n an electrical Item. Consider your electric stqveor electric 
heater. Both of these devices are designed to give off heat. 



10 



EL-Blf-16 
Power/and Watt's Law 



Other- items such 0 as radios or televisions we do not want to get too hot as heat, 
quickly^dajiages the parts. When power is used to do some kind of electrical 
work, he&tlis always generated by the work being done. An example of heat 
being produced by the work being done is the light, bulb. The light bulb is 
principally designed to give off Ught. But if you touch the bulb after it 
has been on for a while, you will feel a great deal of heat coming from the 
light bulb. If. you leave your hand on the bulb- for longer than a second, you' 
will pro|(|>ly get burned. Larger wattage light bulbs which give off more light 
will also giy$ off more heat. From this example, you can see that the power «' 
required bynhe light bulb is used in two different ways: 



1. The power that produces the light. 

2. The power that produces the heat. 



Both of these powers are addit.ive and the total amount of power required by 
l j/ffit bUlb 15 the SUm ° f the P° we ^ used in ne *t and the. power used for; the 



the 



heat, 



Keeping parts from being- destroyed by the heaT.di ssipated in doing work in a 
radio or television receiver is of.major importance to the technician. To 
assist us in selecting parts that will not overheat or burn up; the parts 
manufacturers will many times give us the amount of power .in watts that the '' 
part can dissipate or throw off in the form of heat. More than that amount 
will damage the part. Resistors are* an example of this. Remember* from your 
study unit on resistors that they come in various wattage sizes : 1/4 watt, 
1/2 watt, 1 watt, 2 watts, etc. * 



I/2W/HT 3/8MM. 

€113— 




\WATT . 
9/lblH.D\A • 




\ft WATT 
JA/N.DIA. 



J* 



Basically, the bigger the part is the more heat it can safely dissipate. This 
is true for almost all electronic parts. Remember our power equation P * I' X E 
tells irs that the amount-of power used to do work and dissipate heat in our. 
electronic circuit is directly proportional to the voltage and current. If • 
either the current or voltage increases due to a short (a decrease in resis- 
tance) in our circuit, the power will also increase. If the increase in power 
is above the, power* rating of the part, it will probably burn up. ' * 



x -1 * 
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Consider tkje tw<? examples below: 



A. 



20V 



RESSTdfT 




; Voltmeter 
reads 
20 volts 



/AMMETER 
READS .54 



P 
p 
P 



EL-BE. 
PowerYand. Watt's Law 



I x E 
20V x ,5A 
10 watts 



B. 



■ 201/ 



15 WATT 



RESISTOR 

SHORTED 




Voltmeter 
reads 
20 volts 



AMMETER 
READS JA 



P = I ,x E 
P ■ 20V = 1A 
P* = 20 watts 



/ 
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'IHfS'"?'?/' 10 W " attS 1s consume <} "y the resistor. -Since the resistor Is 

h! I V mS> 'f "I" not burn "•>• a, t hou 9 h " y»" tone It vou Si) "feel 
nc e \o 6 Th^«r rent ( h f S ' nCre " ed '° 1 am " •-■«2-Siir 

at 15 watts now bas 20 watts - 

JhT^S!! 4 reSlS r r burned up 1n a t,rcuit . yo« should carefully chede 
the circuit to be sure tlkre Is no short which would cause excessive current 

1 VrS vLl^h me4nS ^ th ? ^""tance has decreased t U I r "w. . 

HSTwiH few tfis& 

U U1nce P " \ x E > th \ s is dually an easier equation to remember.) 1 1 

POWER IN 

y " / „ >C WATTS 



CURRENT 
IN 4MP$ 




VOLTAGE 
I N V0LT5 



12 



100 



KUBL-lb 
I'owur/dful Watt's Law 



You can use the Watt's Law Pit just like you used the Uhm's law PIE: 

To find the power , simply -put your. f inger over the letter P 
and you get P - I X E. % 

^To find the voltage, simply put your finger over the letter E 
. and you get ^ a P . ■"/"•• 

?. I 

» 

* 

To find the current, simply put your finger over the letter 1 
and you get , P . 

E , • • '• 

• • < ■ • 

Let's try some example problems for; each equation. Remember you must know two 
of the three terms to solve for the third. 

Example A: To find the power when the. voltage and current are known 
Equation P - I X E 




Voltmeter 

reads 

10V 



Ammeter 
reads 1A 



P 3 E x I 
P » 10 x 1 
P =10 watts 



r 

i * 



Exantple B: To /.i nd the current when the voltage and power are known., 
; Equation j \ P 



RESISTOR 
USM35WATTS 




Voltmeter 

reads 

20V 
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I = r - 
■ 20 



I - .25 amps 



\ 



. .x 



V 



tfL-BE-16 
Power/and Watt's Law 



Example C: ToVind the voltage when/ the current and power are known. 



Equation 



.E « 



E-? 



v RESISTOR 



-Uj 



USING J WATT 




Ammeter k 
reads 2A 



E 5 T . 

. 1 

-r= 2 

E ■ .5 Volts 



Occasionally you wi 1 V work 'with products that have a horsepower, rating. One 
hprsepower (Hp) is equal to 746 watts. AIT power equations apply to horsepower 
ratings in watts, the same as any other wattage rating, ) 



/ 



\ 



v. 



> 



\ 



/ / 

6 



1 " 



< 
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,Self-Test 



. v LI. -BE -16 
J'ower/and Watt's Law 



ThTs baVi cTc i rcu lYTs" 
used f err al 1 of .the 
practice problems. 



E 




You may refer to the Information Sheets "for any equations. - 



1. P = 

' ■ I = 2 'A 
E = 3 V 

4> P.= 1 W 
I = ..001 

E = 

h P --U0W 
. I = 2 A v 

• H - 
U). p * 

.• I 20 mA 
» E =' 20 V 



2. P ? 

I = .5 A 

E * 12 V 
r 

b. 'P 

" . I = . 

E * 50 V 

8. P = 

I « .05 

E = 10 V 

11. P = .25 W 

I ' 125 mA 

E * 



Y 

■ i 



3. P » .5 W 
I - 2 A 



* 6. P .25 W 

I = 

E =. 5 V 

9. p" = .5 W 
I = 5 mA 
E = 



12. P 
1 



ioTw 

50 mA 



E ■ 



4k 



♦ * 
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T N ask 



LL-Bt-16 
, Power/and Watt's* Law 



Materials required: 

1. Low-voltage power supply 

2. ""Two resistors, 1/4 watt 

3. Voltmeter "0-30 c VDC 



VQ a, i 



watt JO u 



Procedure: 



\ 



v Step 1. Connect the circuit as shown below using the 1/4 watt resistor. 
CAPTION :,, Power "OFF" and observe polarities. 

' .J * 



\ 



LOW . + q- 

VOUAGE 

DC 

POWER ; 
SUPPLY 0~ 




10* \ /AWAIT 



Step 2. With the voltage control at minimum, turn the power switch to "ON" and 
slowly raise the applied voltage until the resistor begins to get 
warm. Let the resistor operate at this maximum condition for several 
/ninutes while xou note the maximum operating condition of a 1/4 watt 
resistor. Carefully touch the resistor with your ftnger.to note Its 
* temperature. - *r — 

Step 3. Raise the appl.ted vol tage ,sl owly until the resistor heats and burns 
open. Note and record the value of the applied voltage when this 
happens. NOTE: When th\ resistor has opened there will no longer be 
a current path current will no longer flow,. and the resistor will • 
have, infinite resistance,. \ w • « 

• •< . - * * 

Applied voltage-when resi.stor opened: 



Sfep'4. Compute and record^ the amount of power that the resistor was 
dissipating at the*t1me 1t opened. 

'- ' Power dissipation' at -time of failure: ' 



,<-*Up 5. Reconnect the circuit using a 10 "1 watt resistor. 

Step 6. Apply the same voltage which destroyed the 1/4 watt resistor .in Step 4, 
noting the operating temperature, of -the higher wattJJe resistor. 

Step 7. 'How does the operating temperature of the resistors 1n Step 2 and* 6 
compare? t 



Step* 8. Obtaie th|7nstructor's*eva1uat1on. 



o 
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Final Test' 



l.L-l)L-iU 
t 



•Power/and Watt's Law 



The foM owing; questions refer, to this circuit.' 

I ! 




R 



1. P = *2 W 
1 = 1 mJV 

E = • 

2. P .= 2 W 
I = .05 

i =• 
v : 5 ' r i 

3. ' P = 20 W 

* I = .5 A 

E « 



> 



4. P = .25 U 

I = 

• E = 250 V 

5. P - 

- I = 60 mA 

E = 500 V 

6. - P = .25 W 

I = 2 mk # 

E « ' 



7. A 115 V electric heater furnishers 115*0 W of heat. What is the 
current? t ' 

a. ' 1.0 A - b. 1.150 A c. 10 A 

8. What current .does the average 115 V 100 W light bulb draw? 



* 



grating * 



a. .087 A 



b. .87 A 



c . 



1500 A 



i 1 
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Fin&l Evaluation * / 



/ 



V 



Accurately .completed a task demonstrating 
I', and E relationships ^ . 

Answered Questions on a Fi nal Test with 
8(# accuracy * ' , 



<1** ' V 



Date 



Name L ;_'»__; Y 

4 :■ . /7" 



OK REM 



\ 



/ 



y 
# 

♦ 



Answers 

4 ; 

Self-Test Answers 
1.' % 6W < 



V 



2\ 6 W. 
_3^, .2b 'V 
4.' 1000 V of 



5. ,04 A or 40 mA. 

6. .05 A or^bO mA 
. 7. 5 V 

8. .5 W 

9.. 100 V 

10. .4 W 



11. 2 

i- ' 

12.. 200 V 



»; 



'4 



X 1 
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KIRCHOFF'S CURRENT LAW 



\ 




Goal: 



ERIC 



ThV apprentice will be able %& 
use Kirchoff's Law in cbr.iputing 
current values of electrical 
c i rcuits. 



• j 



Performance Indicators*. 



1. Describe Kirc/ioff's 
Current Law. 



2. Describe 



alg^'t 



oraic suns. 



3. Solve for current through 
resistors. ' ) f 



. \ 



< 



c 



s 



/ 

BASIC (ELECTRONICS 




Kirchhoff's Current Law 
EL-BE-18 



r 

) . A 



I 




Test Draft 
September 1981 



if 



ERfc . ' 19;) 



♦ v 
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■ KtrcMioff 's. Current. -Law \ • ' . 



. . ...... ^^tor^^diffe^en for ^e^4^ 

■•"■-' ! ' : - ' '4hUrurH^^ an ;unMcW current using . .£ 

. . • con.structiBg. simple circuits,;. ;* • ; ;Wrcnho?f'y Current Uw. • * :;; >' 

• • A power supply .;. .>f : ' - v tolft^efcs-^ -Fti& 1 * ^t 1 * wl th^ : ' • 

•j* ^' r Kt ' . : ^accuracy of..80% 4/ , •^--.]> v ;-l 'v - : *"\ : r' 



A ^i na-T Test an Klrchhoff^ s 



■■ft 1 



^ 'Directions^ > 



V."'.. • ■■ ^ " :''...v "'^V"''., '* L / 



ObXai n .( t!he^ f o 11 owl ng mater fa 1 : 

.lOOO^ohm res >s tor .? ' '"'• ./*•:.. '•/*'• : % • 
20,000 .ohnv resistor 1 . ' '"• ; ?\ 

IQ.,000 ohm /res is tor ^ r •, • „. • V« : >r. '• C A ,,, > ■ ,,, . ..... . ¥ •„ 

Circuit breadboard 



* f ^ . Power jujprly capable. oKproj/i^^ , y vV - ^ 



Mul timber capable of • meastir i ng ;; fturrents D^30QinA • v; 



• • - if* :. . » 



i' 1 



.t \ * 



.'. " -. ...v..."-V .. :■/:&'"<■ .v^ ' .;»;v. > 



Lemming 'Activities- 



Study the' Key Wor.ds 

Read the Information Sheets. 
s 



Oo the Sel f*test;;vv S • V"' . 
Do the Task: for KircWioff i s' Current law 



.•*: : t • 



Oo the" Final TesW-' • ' ^ '^Ci^4^' % -'^M: ' ^W-. : »l 

Obta in F inal Evalu.atjiorK ; ' 



/ . / '.>.■> •■•■*.:>- •••••• ' ■' •••••• • • ••••• <>l 
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Kirchhoff's Current Law ' 



■.' Kirc hfjofflsf Current Law ;.'; "Th6 algebraic .sum pf the currents entering any point 
,£Q$3-ea v i ng a/iy;po in t must ec^ual z#ro\ M " v , I •? 



:/ ^ jebra'icysum ^ The. vresul t of adding posi ti ve.;and/or negative numbers. * In 
\*.£lectntal circui tsf ' .. V : > ' • ' ; : ' * 

'V'ft, !v -..Currert'tS ..en.ter.1 ng anoint are' assigned a positive vai«ue ,(+]. ' K . 
' B. : four refits leaving a point a/e assigned a negative value (-)* 

Symbol which represents current flow through a resistor (notice the "'R' 
is written, in a lower position); i.e.,' ". 



.V 



v I D current flowing through resistor R» 
Ik' -^current flowing vthrough resistor" 

» " 1 , " V" . * .''. ■ ' f • 

which specifies a certain ;resistor; I.e. , 
-..••.rV'-^ resistor number .r in the circuit 
.ty ^resistor number/2 4,n the circuit 
R-4 =. . resi stor number 3 in the ci reui t 
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Information Sheet 

• « i 

• . * / s ' ' 

» . • \ *> 

About Kirchhoff's Laws 

•Kirchhoff's Laws are very useful in learning to work on electronic products. 
The useful ness, results from a common-sense understanding of the laws and not 
.just being able to work out problems.- Snnply stated, Kirchhoff's Laws say 
that you cannot get more voltage or current out of a circuit than you put into 

it. s ' " - ' . . \ . 

Ass\jme'that you are measuring a DC voltage of^about 50 vol'ts.in a circuit that 
operated from a 25 volt; supply. An "error light" should come on in your mind * 
saying, "Hey, if I only started out with 25 volts, then that's the most I can 
measure so my reading of 50 volts must be incorrect." 1 * - 

A similar condition could occur white'mak'ing a current measurement. If you* 
are measuring 75 mi Hi amps ,in parx of a circuit that has a total supply current 
of only 50 milliamps, then again the light should come on and say, "Hey,- if the 
wh6le circuit only draws 50 milliamps, then that is the most that can be 
measured." . ' ' 

v . 

Th'e unlikely readings you may ob tain, for the two examples above should tell you 
to recheck.your instrument readings or further examine the circuit for possible 
shorts. (Shorts, or- less resistance, jfreate more current.) v 

Kirchhoff's Laws keep us on track by reminding us that the maximum values we" • 
can measure will depend pn the 'maximum vol tage.^andrcurrent supplying our . 
circuit. ' * . \ • ' 

• v ' I ■ ■ " ' 

These next two learning packages, will make you fami.liar with two of the more . 

popular aspects of -Kirchhoff's Laws: one package, Kirchhoff's Law for current, 

and one package, Kirchhoff's Law for voltage using one voltage supply.' 

Kirchhoff's Current Law for One Voltage Source" 

Kirchhoff's Law for current can be stated technically- "The algebraic sum Qf 
the currents entering any point and leaving any poinfin a circuit must equal 
2ero." Let's try to restate the law" in plain language. "The total current ^ 
entering a circuit must be equal to the total amount of current leaving" the 
circuit." Study the illustration on the following page. . 
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The term "algebraic sum" in the original technical explanation refers to adding 
positive and negative numbers. By marking the currents entering our circuit 
"positive values" fmd marking the currents leaving bur- circuit "negative 
values" and then adding them, we should arrive at the answer "zero." /If both 
of these current values are equal, then, - by, using a basic rulaJtoaadditinn th 
states "when two equal but opposite numbers are added, 
zero ," you can easily solve the problem.. Examples of 
bers are +5 and -5. • v - ^ 



ley cancel and equal 



Using the circuit above as, an example, notice that the current leaving the power 
supply and entering point A, the input to our circuit, is 5 amps. Since this is 
j the current entering the point, we will mark this value +5A. i \ 

We mark two currents leaving point A with/negative values: li * -1 A and 
I 2 = -4 A. -By taking the sum of these 2/currents (-1) + (-4) - -5 A, we can 
••^ state theT total- value qf the two current^ leaving the point A as. -5 A. 

Now, if we add the current entering the point A (+5 A) to the current leav- 
ing the point A (-5 A), we get zero for an answer. (+5 A) + (-5 A) * 0. You 
have just taken the algebraic sum of two values which equals zero. This is an 
important step to the understanding of Kirchhoff's Current Law. 

Let s use point B of the same circuit in Figure 1 as another example. The 
currents entering point B we will l<tf>el as I, (+1 A)' and I 2 (+4 A). The total 
current entering point B is I, (1 A) + l z (4 A) or + 5A. The ammeter M„ shows 
5 amps leaving point B; this can be written as -5 A. The current leaving point 
B is now -5 A. 



Now, we check by adding: (+5 A) + (-5 A) * zero, 
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^> - Kirchhofr*S Current Law , 



That part" of Ki^chhoff s current law that states "entering any point and leaving, 
•any point" can also refer to a resistor branch and could be restated: "entering'* 
any parallel resistor bpnch and leaving any paralKfl resisto^ branch!" Now 
the law could look something like thfs: "the al§ebraic sum of the currents 
entering a* parallel resistor branch and leaving that same parallel branch must 
equal zeroJ'^Study the i llustration below. ' 



V 




ERIC 



j '. Figure 2 

Observe that the current entering this resistor Vtwork is equal to 1 amp. The 
current leaving point A is spjit into 3 different Current paths. But since 
they are all \*sfrving, you can mark all of them negative values as follows: 
l\ = -.5 A, I 2 * -.2 A, 1 3 = -.3 A. The total amount of current at point B 
could be expressed as -1 amp, by adding: (-*5) +. (-.2) '+ (-.3) * -1. 

Now take the algebraic s,um of these two current values., the entering current of 
+1 amp and the leaving Current of -1 amp. (+1 A) + (-1 A) * 0. This 1s just 
another application of K^irchhoff 's % Current Law. 

Let's try another application. Study the frustration on th.e following page.' 
J 



A 
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Kirchhoff's Laws can also be used to solve for an unkndWn currents The problem 
v >s to find the. value of current path \ x ; See 1f you can follow along with me 
land come up wirth the same answer as I do. 

1. If I;, or the total current entering the branch of point A 1s +2A, then . 

-2A must leave the branch at point B. + 

• * 

2. Currents add 1n parallel circuits. We can account for,-.9A of the total 
k -2A by adding current I 2 and current ,I 3 . (-.5A) + (*.4A) « -.9A. Since 

these are currents leaving the brancW at point B, we can mark the to.tal 
current at this point a\(-.9A ♦ x), the. x representing the unknown cur- 
rent \\. 



3. Now we can set up an algebraic equation like this: 
• I t ♦ x ♦ I a ♦ 



It we substitute our known values for the symbols 1n the equation, it 
reads: • 

+2A + x + (-.5A) + (-.4A) - 0 
+2A +/(-- 9A ) + x = 0 

♦1.1* + x * 0 r ' 

x ■ '-1.1A ' > 4, n \ 
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Ki rchhoff 1 ^ Current Law 



4. For proof, we can substitute the values. 

I + I, + \ 7 + 1 3 " 0 ' ' ■ „ 

^ +2A + (-1.1A) +, (V.5A) +;("'• t A ) * 0 * • 

+2A + (-2A) =0 » 
0*0 

• \ ■ * * . - 

5. By inserting thfe value (-1.1 A) for 'x„ or the unknown I lt we have written 
an equation 'which repeats our working. statement- of Kirchhoff's Law: "The 
algebraic sum of the currents entering any parallel resistor branch and ' 
the currents leaving that same*' parallel resistor branch must equal zero." 



Consider the next application by studying ^the diagram below. 




Our problem in this application is to find the current entering the branch that • 
would be measured by meter . <^ < 

The currents leaving point A and dividing between the three resistors in 
parallel are indicated by the meters*M 2 , M 3 and H„. Since these currents are, 
leaving point A, they will all have negative values. By adding these together, 
(-1) + (-.5) + {-.7) we get -2.2 or -2.2 A, 

By remembering that the total current entering a resistor branch and leaving a' 
resistor branch must be equal in value but opposite in polarity (+ instead of--) 1 
; ^we know that meter M, will have to read +2.2 A. Let's try the final proof by 
taking the algebraic sum of those two Values. (-2.2 A) + (+2.2 A) » 0. It 
checks out so 2.2 A is then the current value for meter Mj. 
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Seljf-Tqst 



1. vUsIng Kirchhoff's Current Law, perform the addition that will sHow the 
algebraic sum of the currents entering any point and leaving any point are 



equal to zero 




2, Using Kirchhoff's Current Law, solve for the current thrdugh resistor 

■R 3 (MJ). 




3. 



Use the diagram 1n question #2 and the value you arrived at for question #2 
to solve for what meter Mi, will measure. 
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Task A 



Jumper wires will be labelled with the letter J, They will connect .twx> termin- 
als. The** terminals are labelled with letters A through M. Remember! that the + 
and - refer to the way you £/ill connect the meters when you remove' the jumper 
wires. ' 



Step 1. Construct the following circuit on your breadboard. 



4(0 



T * 

$ 



SET SUPPLV 
TO 20 VOLTS 




. ^ tQ ' ©r 



t 



St^ep 2. 
Step 3. 
Step 4. 

Step 5. 
Step 6. 
Step 7. 



Make sure all jumpers are in place. * 

i 

Set your multimeter to read 250 or 300 mA. 



1000 



IL 



7 



Remove jumper J.j and install your meter between the two points 'A* 
and 'B.' Be sure to observe correct polarity when Installing your 
ammeter. Polarity is marked for each jumper. 



< 



Set your power supply to +20 Volts D.C. 

Read the current entering the three resistors. 



mA. 



Replace jumper J.. 



< 
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Stlp 8., Remove jumper J 5 and install your meter between points 'L' and 'M 



to 



Step 9. Read the current leaving the resistor network, m A. ' 

DISCUSSION: The v cur rent entering the resistor network should equal tf)e current 
*-*-+eaving the resisttfr* network. If your' readings in\Step 6 and Step 9 do not • 
m#tch, consult your instructor for assistance. - ' 

Step 10. Replace jumper J 5 . 

Step 11. Remove jumper*J 2 and insert your meter to measure the current through 
R. and record, the value. mA. 

1 — " 1 . < % 

Step 12. Remove jumper J 2 - • - 

Step IS. Remove jumper J 3 and insert- your meter to measure the current through 
R 2 and record the value. * m A . " 

tep 14.* Replace 'jumper J 3 . 9 I 

Step'15. Remove jumper 'Ji, ar)d insert your meter to measure the current through 
resistor R 3 and record the value. jnA. .„ i 

Step 16. Record the currents measured for each resistor below from steps 11, / 
and 15. 

From Step 11, current through R x _ mA 

From Step 13, current through R 2 ^_ mA 

From Step 15, current through R 3 mA 




Step . 17. Total iall three currents and record the value. mA. 

Step 18. Record the current entering Ahe network from Step 6. > ' mA. 

-Step 19. Record the current leaving the network from Step 9. __ mA. 

Step 20. Did the three currents for R lt R 2 , and R 3 equal the current entering 
the network and leaving the network? 

DISCUSSION; The total amount of current flowing through all three resistors 
should equal the amount of current entering the three resistors and leaving the 
.three resistors. Due to the resistor tolerances rand the exact way you read 
your meter,* your answers may vary plus or minus 10%. 

' * ■ * , '• 

Step .21. Obtain your instructor's evaluation for Task A, I 



• ■ ■ ' 
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Task B 



Jumper wires will be labelled with the letter J, They will connect two terminal 
The terminals are labelled with letters A through M. Remember that the + and - 
refers to the way you dill connect the meters when you*remove the jumper wires. 




V 



set supply 
to 15 vonS 



T "t 





Step 1. 

Step -2. 
Step 3. 
'Step 4. 

Step 5. 
Step 6. 
Step 7. 



Construct the same circuit that you used for Task A as illustrated 
in the diagram above. 

Make sure all jumpers are in place. 

Set your {multimeter to read 250-300 mA.' 

Remove jumper J t and install your meter between the two points 'A' 
and 'B.' Be sure to observe the correct polarity when installing your 
ammeter. Polarity is marked for each jumper. * * 



Set your power supply to read 15VDC, 
Read thecurrent entering the resistor network. \ 
Replace" jumper' J P . 



v 



mA. 



13 
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Step 8... Remove jumper J b and install your meter between points 'L' and 'M. ' 

Step 9. • Record the current leaving the resistor network. mAT The 

current entering the resistor network ^should equal the current leav- 
ing the resistor network. If your readings in Step 6 and Step 9 do 
not match, consult your instructor. ^ , 

Step 10, Replace jumper J s . , v 

Step 11. Rilfl&ve jumper J 2 and insert your meter to measure ttJe current through 
u R j. and record the value. mA. . 

Step 1 2v Replace jumper J 2 . ' n 

Step .13. Remove jumper J 3 and insert your meter to measure the current through 
resistor R 2 and record the. value. • mA. 

Step 14. Replace jumper J 3 . ' , J 

'■■ . ■ ». » • , 

Step 15. Record the total current entering the resistor branch that was 
.„ measured in Step 6. _. 

Step 16. Record the .currents leaving point' N that were measured, in Steps 11 
and 13. . 

* t « 

Current through resistor R ] from Step 11 mA. 

Current through resistor from Step 13 mA. 

Step 17. Total the known currents leaving the branch .at point N by adding the 
two values in Step 16 above. mA. 

DISCUSSION: The total current entering the branch or entering point 'N' is - 
measured at jumper Two of the three currents known to be leaving point .' N' 
were measured at J 2 for R t and at J 3 for R 2 . To visualize these currents, it 
is best to pencil. In those^ values directly on' the circuit diagram used for this 
tasky Since you know that" the entering current must equal the leaving current, 
you can reason that the difference between the known entering currents and the 
known leaving currents must be the amount of current leavlwj point 'N' and 
going through resistor R 3 ; ' . ■ 

Step 18. Subtract the .two known currents leaving point 'N* from the entering % 
current measured at Jj and record the value* - m A. 

Step 19. RemoVe jumper J 4 and insert your meter to measure the current leaving 
point ';{' via resistor R 3 and record the value. mA. 

DISCUSSION: Steps 18 and 19 should be close to $he same value. In this task 
we cho'se to take a common-sense approach to solving for the unknown current. 
It is possible to use Kirchhoff l T s Current Laws to solve this problem. However,, 
you should always try to visual ize .the solution first. This will be of the 
gr%test benefit when working on $n elecUronic circuit. In the Information 
sheets you will find the method used to solve for this kind of problem using 
the math In Kirchhoff's laws. ' 

Step 20. Get your Instructor's evaluation. 
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Final Test v . x 

1.. Using Kirchhoff s Current Law, perform the" addition that will, show the 
algebraic sum of the currents entering any point and leaving any point 
are equal to zero. /' a' 




2. 



Using Ki rchhoff 1 s *euri«ent Law> soT^for-the current through resistor 

R 3 (m 3 ). ' • *; • 




Use th? diagram in question #2 and the value you arrived at for question 
#2 to solve for what meter Mi/ wll,ll nieasure, v , 



I. Yv / 



. .." .1 



erJc 
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Final Evaluatjow^ 



OK 



Re- Do 



4 .Completed Final Test with an accuracy 
of 80 percent k 

■ * 

'•* Completed Task "A 

on Ki rchhoff ' s Current Laws.. t 



Completed Task B ^ 
/ on Kirchhof f ' 2 Current Laws 



^When all .checks indicate OK, proceed to the next learning package. 



/ 
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* Answers 



* > 



(-.1A) + (-.2£) f Ua'-.O., 

2. M 3 current equals 1.6/fc 
♦Algebraic proof optional 



I ' .+ I • + 2A - Cf 

K l K 2 

(-4A) +M R + '2A ='u - 



•i 



I R = -1..6A* 



3-. A 



2A 
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♦Current is the same in all parts of a series circuit. 

♦Current entering the branch will* equal the current leaving the branch. 
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Goal: * 


Performance Indicators: 


The apprentice|$ill be able to' use 
Kirchoff 's L&w|:Jn. sodving voltage 
problems. fyfi 

V.v .V.. s ||. 


• . ' / 

1. Describe Kirchoff 's Voltage „ 
Law. 

2r Solve unknov/n voltages through 
the application of Xirchoff'p 
Law. 


V 
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Objectives 

X 

Given: 

Resistors of different values 
A multimeter 

. m 

A circuit breadboard for constructing 
simple circuits 

A power supply 

A Final Test on Kirchhoff s Voltage 
Law 



Directions 

Obtain the following: 

2 each* 1000 ohm resistor • 
1 each 100 ohm resistor 
T each 470 ohm resistor 
A multimeter 

A power supply capable of 30VDC 
A circuit breadboard 



The student will :«*- . 

Mark the correct polarity across 
resistors in a series circuit. 

Apply Kirchhoff s Voltage Law 1n a 
simple circuit with one voltage 
source. 

Solve for an unknown voltage using 
Kirchhoff s Voltage Law. 

Complete a Final Test with an accu 
racy of 80 percent. 



Learning Activities 

Study the Key Words 11st. 

Read the Information Sheets. 

Do the Self-Test. t 
Oo Task A for Kirchhoff s Voltage. Law. 
Do Task B for Kirchhoff s Voltage Caw. 
Comple|j Final Test. 



'J 



Obtain Final Evaluation. 
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Keywords * 

Kirchhoff' S Voltage Law ; The algebraic sum of the* voltage sources and IR drops 
must total zero around any closed path. 

*>• • 
Algebraic Sum ; The result of adding positive and/or negative numbers. In 
electrical circuits: 

A, Voltage drops are assigned a negative value (-). 

B. Voltage sources are^assigned positive. value (+). 

Closed Path ; Another name for a circuit that ma(ces a complete loop between 
the plus (+) and, minus (-) points of a voltage spurce. 

IB /Drop :^ Same meaning as voltage drop.- (Notice the I and R are on the same 
line. When E * I x R applies to the. voltage acrpss a resistor, the letters 
IR may be used to mean voltage drop. 

V 

A. IR X * voltage drop across resistor Rp 

B. IR 2 " voltage drop across resistor R 2 . 

Remember that I R (the R dropped beh>w the I) stands for current flow through a 
resistor. * ■ 

R; (symbol) .Specifies a certain rgslstor^ ', ' 

Rj ■ resistor number 1 in thfe circuit. " 
R ? . * resistor number 2 in the circuit. 
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Information Sheet . & 

KIRCHHOFF'S VOLTAGE LAWS FOR ONE SOURCE 

Kirchhoff's Voltage Laws are of particular Importance because you will use a 
voltmeter more often than an ammeter 1n analyzing a circuit. Hence, you will 
be working wlthr voltages. Technically stated, Kirchhoff's Voltage Law says: 
"the algebraic sum of the voltage sources and IR voltage drops must toital.zero 
around an> closed loop." Stated more simply . 1f you add all the voltage drops 
together in, a series circuit, the total voltage drops will equal the applied 
voltage. Oh, oh, that word algebralc^um again. 

Remember that we can do an algebraic sum because we assign either positive or • 
negative Values to our numbers. 'Voltage drops are assigned negative (-) - 
values and the voltage sources positive (+) values. 

In the following illustration, the voltage' drops will be marked as follows: 
IRi = -2V, IR 2 =j4V,. IR 3 * .-6V and IR„ ■ ~8V. . 



When you begin with an applied positive voltage and then have a series of * 
voltage drops,' each drop will cause the voltage at the end of a particular 
resistor to be less positive, or negative, as compared to the applied voltage. 
This cfn be more easily seen if you consider the direction of electron current 
flow through the four series resistors. Electron current always travels from a 
negative value to a positive value. With this 1n mind we are able to mark the 
polarity of the voltage drops acoss each resistor by starting with a (-) value 
at the bottom of resistor R u since it Is hooked directly to the (-) terminal of 
our voltage source. We then follow with (-) to (+) markings across each 
resistor until we get to the positive terminal of the voltage source. To get a 
better idea, of ttfis concept, study the following Illustration. 





> 8 VOLT DROP 



\rRa 
fcVOJDRDP 



AIR* 
4VOLT0ROP 



2 VOLT DROP 
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This next illustration is showing what the actual measured voltage would be at 
the end of each resistor. The meters M 1( - Mi« would read as fallows: 



Mi 
M 2 



20 volts less 0 drop or 20 volts 
20 volts less the 2 volt drop across R a or 



18 



M 3 s 18 volts less the 4 volt drop across* R 2 or 



volts 
volts 



R 2 or 14 

Mi, = 14 volts less the 6 volt drop across R 3 or 8 volts 




-DIRECTION OF CURRENT FLOW 



Notice that the meter in each case in the chart above measures what voltage is 
left over after subtracting the voltage drop. Be careful not to confuse the 
measured voltages with the voltage drops. The voltage drops are the values 
that would be read on a meter if the meter was placed directly across (In 
parallel with) each resistor. The polarity siqns (+) and (-) indicate how you 
would place the peter pfobes when making these roeasureinents: the (-) side of 
the meter to the (-) sid« of the resistor 'and the (■♦•) side of the meter to the 
{+) side of the resistor. This type of circuit is often referred to as a 
voltage divider because the voltage is divided up between the different 
resistors. ' 

Now, let's get back to the problem of taking the algebraic sum so we can prove 
Kirchhoff s Voltage Law.' 

Let's add up all the voltage drops In this series circuit on the following 
page and see what we get for an answer. * 

I R x » 2 volts, 
IR 2 ■ 4 volts 
IR 3 » 6 volts 
* IRu * 8 vb.lts 

20 volts total (Does this number look familiar?) 
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V / 

/ 




2VO£T DROP 

V ■ 

4 VOLT DROP 



< 



bW DROP 
8 VOLT DROP 



^DIRECTION OF ELECTRON- 1 \ ^/ 



< ■ 



Twenty volts is the same value as the' applied voltage from our battery. You may 
be getting ahead of me, but let's try to apply Kirchhoff* s Voltage Law for this 

circuit. ' v 

Remember the law states that the "algebraic sum of the voltage drops plus the 
applied voltage must equal zero." „. 

Getting back to an earlier rule involving the numbers, remember that the drops 
will be assigned (-) values and the. applied voltage (+) values. 

The drops total -20 volts and the source +20 volts. LetA$ add them together. 
(-20) ♦ (+20) * 0. This" proves that Kirchhoff's Voltage Law works In our circuit. 

Let's try another example of how we can apply Kirchhoff* s Law by considering 
the following circuit. t • ' 

. \ i p=n'l. 



1? 




3 VOU DROP 



R * ^ 7W>U DROP 
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With a thres volt drop across R 1( what is the voltage you would measure between 
point B and the negative side of the battery? Did you guess seven 

volts? You are correct if that is the value you picked. The ten volt supply 
less the three vol ^ drop across resistor Rj equals seven volts left. NOTICE 
the measuring from B.to the negative terminal of the battery is the same read- 
ing that you would get measuring across R 2 as the bottom of R 2 is connected 
directly to the negative terminal of the battery.. 



let's try a little more difficult circuit -and see i,f you' can use th 
to sol ve* for an unknown voltage. 

Study the circuit below: 



ame rule 



R\lRi-5V 



20V 




CURRENTS COMBiNE-sJ \® 



IIV*3V 




REMEMBER the drops are considered 
negative and -the source positive. < 
First, let's try a little simpler 
approach to this problem by putting 
down some figures thaT we know 
about, this circuit. . • 



First: 



'Add up the. known voltage drops. (-5) + (-3V) 



*Be careful .to include only one 3V drop when adding all the drops together. ^ 
Voltage drops across parallel resistors are NOT separate drops. 

Second: Let's add the voltage drop totaVto the source. 

(-8V) ♦ (+20.V) -12V ' 
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Third: We knjpw that the algebraic sum of those, two values- should equal zero; 
therefore, the extra 12 volts must be the drop across resistor fy, , 




Fourth: Let^\ prove it by adding that value to our voltage drops, lie need 

up the drops: (-5V) + (-3V) + (-12V) « -20V. Next add this 
^ value t^our voltage supply of +20V, 

\J > v 

Adding, we get (-20V) + (+20V) 3 0- Since the albegraic sum now equals zyo, 
the 12 volts must be the correct drop across, R£. Algebraically it could be 
written as follows: . * 

1R 2 ) + (-3V) + (+20tf) ■ P 
IR 2 ) + (20V) * 0. 





^ ( 




+ ( 


(-8V) 


+ ( 


.( 



20V) 8 * -IR 2 

+12V) = -IR 2 ' - „ 

IR 2 = -12V . ' 

The above mathematics is an algebraic proof (which may be confusing if your 
algebra is slipping), but the answer that took all the math is the same answer 
that you got just using some common sense. Perhaps you can see why we stress 
understanding the problem first and always trying to visualize a common sense 
approach before beginning the mathematical approach. In this way. when you" do 
.more complicated math, you will have an idea of the correct answer before you 
becp'n. 

Kirchhoff's Laws can be expanded to include many more complicated circuits, 
some including two voltage sources. These you will learn 1n a later course 
if you decide to continue your electronics training. N * 



) 



/ 
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Self-Test 



1. U$1ng Kirchhoff s Voltage Law, perform the addition that will show the 
algebraic sum of the voltage source and IR drops will equal zero around 
any closed 'path. 



.=- ^12 VOLT 
Er SUPPLY 




2. Using Kirchhoff s Voltage Law, 'solve for the voltage drop across FL. 



\ 



— aovoLT 
-E- supply 




3. Using Kirchhoff s Voltage Law, solve for the voltage of the battery. 




* ' EUBE-19 
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•Answers 

•. "v ••• ..•<•.-. ./■:*■' -. . ~y - 

1. (-4VIR,y.+ (-2WR.J + (-6VIR3) + (12V) 
(-12V) + (12V) « 0 " 



2. IR 2 8 8V* ?. ' 

*Mathematic proof optional 

. Possible approach could be simply to use -the rule that the sum of all* 
voltage drops must equal the supply voltage. 

(-;vih, ) + (4;') + U^VIKj) + 20 ■ ;0 H 

(-12V) + (20V) = -IR 2 % " <v - 

,8V * -IR 2 
-8V f IR 2 



3. 



The battery voltage a 18V. • 

The simplest approach would be to consider that the sum of the voltage 
drops has to equal the supply. 

Mathematical proof: 

(-6VIRJ + (-12VIR 2 ) + V ■ 0 . 
-18V + V = 0 

V = 18 tfolts 
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4 Kirchhoff's Voltage Law 

Task A 

«» 

Obtain the following: 

1 each 100 ohm resistor 

2 wch 1000 ohm resistor . » . 
1 elch 470 ohm resistor 

1 each multimeter • 

1 each power supply capable of +30VDC 

1 each circuit breadboard 



Construct the following circuit on your breadboard: 



+ 



/ 



ELECTRON FLOW- 




Step V Determine the correct polarity ('+) and (-) across each msUthr and m**i, 
tRTcorrect . symbol at each end of each mlsSr on } JS^SMX^ 

Discussion : Remember to begin at the negative end of fL. That is the end of 
the resistor, connected directly to the (-) side of the voltage supply. Voltage 

Step 2 : Obtain your instructor's evaluation. 



V 
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Use the same circuit constructed for* task A. 
Step J: bet your power supply to +20VDC. 



\ 



Step 2: Measure the voltage drops across each resistor and record in the chart 
belowT 



Remember to put the meter 
probes across each resistor 
according to the polarity 
you marked on the diagram. 



IRi 
IR2 
IR3 

IR«4 



V 

I 
V 

V 



Step 3 



Step 4 



Step 5 



Total all \the voltage drops in Step 2 and record. 
Record the voltage supplied by the power supply.. 

Do Steps 3 and 4 match? • . . 



V 
V 



Discussion : Your answer should be yes. You may notice a slight difference due 
to rounding off the numbers or slight measurement error. All the voltage drops 
should add up to equal the applied voltage 1n any series circuit or closed 

loop. . 

Step 6 : Complete a mathematical proof using Kirchhoff's Laws that prove the 
"algebraic sum of the voltage drops plus the applied voltage equal zero." 
Remember to assign negative values for the drops and positive values for the 
a'ppl4e<Hvoltage. Put your answer In the space provided below. 

s . . ■ 

Step 7 : «0bta1n your instructor's evaluation. 
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Task C ' 

Ust the same circuit used in Tasks A and 5. 'j 

Step 1 : Reduce the applied voltage to 15VDC. 

Step 2 : Measure and record the following voltage drops. 



IRi._ V 



/ 

\ 

Step 3 : Total all. the vol tage drops from Step 2 Wd record. _^ V 



T 

1 



% 

> 2 Vc 



IR 2 _ V 

R4 V 



Step 4 : Record the applied voltage from the power supply. 

Step 5 : Do the Voltage drops total to equal the app.lied voltage? 

'•v 

Step 6 : Explain why the two valuesbpf voltages are not equal. 



Step 7 : Without measuring the- ydrops ^ith a meter, estimate what the voltage, 
drop should be across reslsjtor; R3. V. » 

Step 8 : Using a meter tip 'measure the voltage drop across R 3 , measure and 
record the voltage drop. . 

Discussion : You should recognize that when ALL the voltage drops are added 
together -they will equal: the applied voltage. You should be able to estimate 
the unknown value of IR 3 by .taking the difference between what you know to.be 
the total applied voltage arid the known voltage drops. 

St£i' Using the value of 1R 3 obtained from Step 8 above, add up all the 
voltage drops and recordsbelow. 





V 


IR? 


V 




V 


IRu 


V 


Volts 



Total v of d|ops 

The new value of the total drops should equal the applied voltage in Step 5 
because all resistor drops are now included in the answer. 

Step 10 : * Obtain yptir- instructor's evaluation; 
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Final Test 



1. Using Kirchhoff's Voltage Law, perform the addition that- will show the 
algebraic sum of the voltage source and IB drops will equal zero around 
any closed path. Show all work; J * 



20VOJS 



R) !<*m-5v 

I t 



2. Using Kirchhoff's Voltage Law* solve for the voltage drop across R 2 . 




IR 2 r4V 



R 3 i> IR 3 r? 



3. Using Kirchhoff's Voltage Law, solve for the voltage of the battery. 



7V 




XR 2 zl5V 



15 
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Final Evaluation r - . 

Completes Final Test with accuracy 
of 80 percent 

Completed Task A 

Completed Task & 

Completed Task C . 



OK 



Re- Do 



When all checks indicate OK, piroceed to the next learning package. 



of 




<3 




2.12 



SERIES RESISTIVE CIRCUITS 



t 




4 



Goal: 



The apprentice will be 'able to 
compute voltage, current and 
resistance in A series circuit. 
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Performance Indicators: 



I. Compute current. 
2 ♦ Compute resistance . 
3. Compute voltage. 
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Objectives 
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Series Resistive Circuits 



61 ven : S 

A power supply and four 
resistors connected 1n' 
series 



Questions and problems 



Directions 



The student will : 

Calculate the total resistance. 

Calculate the current 1n the circuit. 

Calculate the voltage across each 
resistor. 

Connect the'Vfrcult together and 
measure the current and the voltages. 

Connect a circuit consisting of the 
power supply and a single resistor of 
equivalent vatu^ and remeasure the 
current. 




Complete a Final Test with an accuracy 
pf 85 percent. 



Obtain the following material : 
DC power supply 

Resistors (1/4 W, 2%)* 330, 470, lk, 1.5k, and 3.3k ohms 

Any 0C voltmeter ^and ammeter (separate meters or a combination meter) 

Interconnecting leads or wires to connect the^arts 

Learning Activities 



flead Key Words 11st 
Read Information Sheets 
Do Self-Tests 
Do Task 

Do Final Test . 
Obtain Final Evaluation 



1/4 watt minimum, 2 percent suggested tolerance 



Key Words 
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Absorbed energy/power ; Power or energy consumed by an electrical component or 
circuit. . ^ 



Charge (to) : To supply power tfb a device that can store energy such as a 
battery. 



Equivalent circuit : An electrical circuit that Is equivalent to. another more 
complicated circuit In the sense that It draws the same amount of current^from 
a yoltage source as does the original circuit. 

Equivalent resistance : A single resistance equivalent In value to the combina- 
tion of two or more other resistors. 

IR drop : The voltage drop associated with a resistor. 

Power dissipation : Power absorbed In an electrical component. 

Series connection : A met'hod of connecting electrical components so that one 
end and only one end of each component connects to each of the other components, 

Supplied or delivered 



source such as a vo 



ed power/energy : *Power or energy produced or given ug by a 
ltage source like a power supply or battery. 



Voltage dnop : A decrease In voltage caused by an electrical component absorb- 
.1 hg energy or*power; current entering thd more negative end of the component 
results In a voltage drop across the component In the circuit. 

Voltage rise : An Increase In voltage paused by a source supplying energy or * 
power to a circuit. 
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Information Sheet Mq.1 

% 

When two or more' resistors are connected end to end, they are In series/ One 
lead of one resistor connects to only one lead of the next resistor and so on. 
The current leaving one resistor Is exactly the same current that enters the 
next resistor* So the current Is always the same for any resistors In series 
with each other. In Figure 1 the current Is 12.5 mA In '.each of the three 
resistors and also In the voltage source. 

Suppose you were not told what the current was. You only know the resistance 
values and the source voltage. You can solve for the current by knowing how 
resistors co'mblne when they are In series. 





M2:5mA 



J> 12.5mA 
Figure 1 




Resistance In Series Adds 



Suppose a piece of wjre Is cut from a spool of wire, and then a second piece Is 
cut that Is twice as long. The second piece will have twice as much resistance 
as the first. Also,, two pieces of the same length connected together In series 
will 'have twice the resistance of each of the* single pieces. 

In Figure 1, the total resistance In thef :1rcu1t (called R^) Is* the sum of 
the resistances of all the resistors. 

Rt ■ Ri ♦ R2 ♦ R3 * 
Rl -100 ft , R 2 - 200 Q, R3 - 500 ft, so R t - 100 + 200 + 500 ft 

\ Rt ■ 800 n 

The total resistance of resistors In series Is always LARGER than^ the resis- 
tance of any one of the, reslstorsi W 

To find the current 1h the circuit replace all of the resistors by a single 
resistor wUJTa value equal to_the total resistance. This resistance Is called 
the equl va'TeAv^alue.of resistance or just equivalent resistance* 
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Figure 2 Is equivaltent to Figure 1 In the sense tjhat the same current flows 
from the voltage source^ 

Apply Ohm's law *o the |lrcu1t of Figure ?. 
E 



, 1 " 1*7 



i 



10V 

TO 



I * 0.0125 A » 12.5 mA 



/ 



• — ^ - I =' 12.5 nj/V 



JOV 



"I 



I - 12.5 



8oo 



( 



Figure 2' 



Example 1 



4.r W= 1 i 

150V _ — ^ 




R t ■ Ri + R2 + R 3 ♦ &4 

R t - 2.5k + 7.5k + 5k + 15k 

R t - 30k 



4 I - 



E_ 



E ■ 150V; R t - 30k 



I m 



150V 



E - 
I50V 



-t 



R+ -30ft 



Equivalent Circuit 



0 f 



You should remember from the Metric Prefix package k ■ 1000 and m ■ 
So i . st> x 1 000 ft " 0#005 A "'°* a01v X 5 ' 5 mA * 

since k 



TOT 



0.00U 



Also /I - Ai$* mA - N 5 mA 



-i— and m ■ ~r~ 
m k 



V x 
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Self-Test No. 1 

* " * r . ' 

1.. Four resistors are connected 1n series. Jhelr resistances are 125, 250, 
75, and 300 ohms respectively. What 1s |he equivalent value of resistance 
fdr the series combination? f . 

2. Determine the value of current 1n each resistor and the source. 

jj— -w — — 

-ZL.I8V 



4 




7 



\ 
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Information Sheet No. 2 

Review of KVL • . 

Now that .you have learned how to calculate the current In a series circuit, "you 
can prove Klrchhoff'sfvoltage law still works. 9 * 

Going back to Figure 1 before the example, you can calculate each of the ^ 
voltage drops. The current was 12.5 mA-ln the circuit of Figure 1, 



I X R 



For Ri which was 100n , the drop Is IRi » (12.5mA) x (10(/n) * 1.25 volts 



For R2 200 n , 

For R3 500fi., 
The total voltage drop Is 

1 

The source voltage 1s E *■ 10 volts, so the source voltage minus the voltage 
drops 1s 10V - 10V » 0 volts. 



IR 2 ■ (12.5mA) x (200 n) * 2.50 volts 
IR3 * (12.5mA) x (500 n) » 6.25 volts 

10.00 volts 



Also, in Example 1, I « 5 mA and, • 

IRl - (5mA) x (2.5k) - 12.5V * x - 2.5k 

•IR 2 = (5mA) x (7.5k) » 37.5V R 2 ■ 7.5k 

IR3 = (5mA) x (5k) - 25V ' >R 3 - 5k 

IR4 = (5mA) x (15k) « 75V R 4 - 15k 

total drop , , * 150V E « 150V 

r 

so. E - 150 = 150 - 150 - 0, and KVL 1s* again demonstrated. v. 
Voltage Sources In Series ' 

Voltage sources 1n series-add 1n the same way as resistors, with one additional 
concern. The polarity of each source must be the same before the values are 
added. If the polarity. Is opposite, then the value must be subtracted Instead 
of added. 



For exanple . ^iJl^llH; 



and 



Is equivalent to 



Is equivalent to 



8V 




lb 



4> 



> 



r 
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Here are two examples to show how to solve series circuits with more than one 
voltage source. f 



Example 2: 



V ^T 1 - 



,0V "Z ' *V 

sv -I — ^.^vAr-rAAA; 1 

i — 



— r 



15V - 



-r. 



* 



Equivalent Circuit 



-*ln the equivalent circuit 

E t a E l + E 2 and R t * R l + R 2 **3 + &4 +' R5 . 
16V * 10V + 5V . 1500 ft - 150 + 700+250 + 100 ♦ 300ft 

E ' 
So I * -y- « where ^ ■ 15V and R t ■ 1500n 

15V 

* 1 s TOTft " °' 01 A " 10 mA 

KVL also holds for series circuits with more than one source, but It must be 
modified slightly. 

The sum of voltage RISES from voltage sources MINUS the sum of voltage DROPS 
equals ZERO or the sum of voltage RISES EQUALS the sum of voltage DROPS. 

The voltage rises are always due to a source.' If the current enters the (+) 
positive end, It Is a voltage rise. 

» 

The voltage drops are almost always due to resistors (IR drops), but may also 
be due to a source that Is charging, which means absorbing energy rather than 
supplying energy. If the current enters the (-) negative end, then It Is a 
voltage drop whether It Is a resistor or a source. 

In this example (Example 2) there are two voltage rises, Ei and E2. Notice 
that the current Is entering the (*) end of each source. 

El » 10V and Eg * 5V, so the total voltage rise Is 10V + 5V * 15V. 
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There are five voltage drops. Remember that IR means voltage drop. Notice the 
current enters the (-) end of eachone. , * 



IRl » (0.01A) x (150n) » 1.5V 

IR2 » (0.01A) x (700n) » 7.0V 

IR3 « (0.01A) x (2500) - 2.5V 

IR4 = (0.01A) x (lOOfi) - 1.0V 

IR5 - (0.01A) x (300«) - 3.0V 

= 15.0V 



I *-0>Ol A 



Rl « 150fi 
R2 * 700fl 
R3 « 250ft 
R4 » lOOfl 

R5 « 30on 



Total drops 

and you see that total rise (15V) equals total drop (15V). 



Example 3: 



erJc 



A/VA- 1 



+ 

20 v^p 



R, ~ 1000* e 2 = 
5V 



•1- J 



rSOO-"- 



if 

15V _T 




Equivalent Circuit 



R t = Rx + R 2 + R3 

R t »1000 + 50a+ 1500 * 3000 fl 



lf t\ ♦ E 2 - E 3 

E t » 20 ♦ 5 10 • 25 - 10 - 15V 



Rt 



15V 

OTP" 



.005A 



also since 3000 n = 3|< 



15V 



5mA 



The sum of the voltage rises Is only Ej t E 2 since current Is entering the (-) 

end of E3. \j 

So voltage rise equals 20V ♦ 5V ■ 25 volts 

The voltage drops are: ¥ 

IR.l « (5mA) x (leoon) « 5V , 
IR 2 ■ (5mA) x (500fi) - 2.^V 

R3 « (5mA) x (1500fi) « 7.5V and because the current is entering (-) end of E3 

£3 * igy_ 

total drops 



f 



25V whlchjequals the total rise of 25 volts. 
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1. Calculate E t . 

2. Calculate Rf. 



3. : Determine the value and direction 
of the current In each element. 



•AAA- 
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Information Sheet No. 3 

Power in* Series Circuits 
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The total power absorbed In" any circuit Is the sum of the powers absorbed in 
each element of the circuit. It doesn't matter how the elements are connected 
so they can be connected In other arrangements besides' In series. 

The law of conservation of energy says that the total energy supplied must 
equal the total energy absorbed. 

This means that the total power supplied by all of the sources that are 
supplying power must equal the total power absorbed by resistors (or sources) 
in the circuit. If a source Is charging, it Is absorbing power. It Is charg- 
ing if the current enters the (-) end as It does In a resistor. 

Review the formulas from the POWER/WATT'S LAW package. The necessary formulas 
are repeated In tjie REVIEW OF FORMULAS section below. 

Refer back to Example 3 to demonstrate the use of these formulas In series 
circuits. 

E x I » P 



Ex is supplying Ei x I * (20V) x (5mA) 
E2 is supplying E2 x I * ( 5V) x (5mA) 
Total power supplied 



- 100 mW 

- 25 mW 
■ 125 mW 



E3 is absorbing E3 x I « (10V) x (5mA) - 50 mW 

Rl is absorbing I 2 x Ri ■ (5mA) 2 . x (lk) » 25 mW 
or (.00S) 2 ~x (1000) * .025W (25mW) 

R2 is absorbing I 2 x * (5mA) 2 x (..5k) - 12.5mW 

R3. is absorbing I 2 x R3 - (5mA) 2 x (1.5k) « 37.5mW 

Total power absorbed K * 125 mW 



El 


m 


20V 


CIRCUIT 


E 2 


m 


5V 


VALUES 


E3 


m 


10V 




I 


m 


5mA ■ 


.005A. 


Rl 


s 


1000 - 


lk 


R2 


s 


500 - 


0.5k" 


«a, 




1500 - 


1.5k 



which equals total power 
supplied 



REVIEW OF FORMULAS/ FOR SERIES CIRCUITS 
R t = Rj + R^ + R3 t and so on 

E t s E l ± E 2 ± E 3 ± and so on; + means + or - depending on polarity 



P = E. x I ' for sources or resistors 
P * I 2 x R 



1 E 2 

P mL 

R 



4r* 



fo/ resistors only 
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Series Resistive Circuits 

Self-Test No. 3 * 



1. Calculate the power supplied or absorbed In each of the elements 1n Self- 
Test 2* 

2. Show that the power absorbed equals the power supplied In question 1. 



* • ' ... 



Self-Test No. 4 
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1. When two or more resistors are In series they have the same 
a. voltage, b. current. c. power, ^% value. 

2. To find the equivalent value of resistors 1n series, the resistances 
must be » , 

a. added. b. subtracted. . c. multiplied. d. divided. 

3. "»To find the equivalent value of batterles 1n series, the voltages must b 

a. added. b. subtracted. 
- c. either added or subtracted depending on polarity. * « 

d. either multiplied or divide^ 

4. Four resistors (100, 200, 500, and 50 ohms) are In series. The equivalent 
resistance 1s 

a. 150 ohms. b. 500 million ohm*. c. 850 ohms. d. 1300 ohms. 



\ 



5. Solve for the value of current: 



a. 
b. 
c. 
d. 



r 



s 



3.3 mA 
5 A 
5 mA 
.05 A 




I -VW — vvV l 



6. Solve for the value of current: 



a. 5.03 mA 

b. 25 mA 

c. 1.05 mA 

d. 1.05 A 




W JL .5V 

ifjA^ — ihM 1 — f 



\CN— 

T 



-2.7k 



1.8* 



7. Solve for the power supplied by the 50 V^battery 1n question #5, 
a. 250 mW b. 50 mW c. 25 W d.- 150 mW 

8. Solve for the power absorbed by the circuit 1n question #6. 
a. 5 mW b. 15 mW c. 75 mW d. 126 mW 
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Find the total .equivalent voltage of the sources: 

9V, , 6V, , 

a. 3 V b. 6V c. 9V d. 15V A, ^||hr-^l|hr^ 

B. 



Find the equivalent value of resistance and voltage 1n the circuit; then 
solve for the value and direction pf current. 



300-*. 



45V — 



AAA 



AAA- 



— 20V 



-A/\A— 

SODA 




Task 
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Given a power supply and the following resistors all connected In series, 330, 
470, 1 k, and 1.5 k ohms each. Set the supply to about 9#vblts. Measure; the 
supply voltage with the voltmeter. 

Calculate the total or equivalent value of resistance. 

Calculate the value of current that would flow 1n the circuit If they were all i 
connected In a closed (unbroken) circuit 1n series. See the figure. 

Calculate the voltage that would exist across each resistor 1n the circuit. 

Connect the "complete circuit according to the figure using the Interconnecting 
leads and including the ammeter. Measure the current with the ammeter. 

Disconnect the ammeter and measure the voltage across e^fh resistor with the 
voltmeter. Remember to replace the ammeter with a short circuit to complete 
the circuit. 

Obtain a single reslstor'of value equal to the value calculated for the total 
resistance. Connect this resistor alone with the ammeter to the power supply 
and measure the»current. Remember the resistor, ammeter, and battery-fnust be 
connected In a closed SERIES circuit. 

All of the'Curre'nts calculated or measured should be the same. The reasons 
they may differ are: 

1. The meter causes errors In measurejient. 

2. The actual values and printed values of the parts may differ. 

3. You may have made an error in calculation or measurement. 

Have your Instructor check your results. 



Arrangement for 
measuring current 
(note polarity) 



SET FOWE 
SUPPLY 
TO 9V 



Arrangement for 
measuring 1.5 k 
resistor voltage 
(note polarity) 

330 Jl ~ 




T Z — — - 


+ 











VOLTMETER 



9 

ERIC 



* i 



2 it) 



EL-BE-20 

Series Resistive Circuits 



Final Test 



1. When resistors or other electrical components are connected 1n series, the 
current 1n each of the components will always be 



7 



zero. b. the same. c. different. 

2. Five resistors are connected 1n series. Two of the resistors are 50 ohms 
each, and three of the resistors are 20 ohms each. What 1s the equivalent 
resistance? 



'3. Solve for the equivalent resistance 
in the circuit. 

'4. Solve for the current in the circuit. 



5. What is the total equivalent voltage 
of the two sources connected as shown? 



50V. 



7i 



I.5R 
AAA- 



8V 



AAA 



■AAA- 



6. What 1s the total equivalent voltage 
of the two sources connected as shown? 



7. A 5k resistor and a 25k resistor are connected 1n series to a 



"vol^a*§e" 



source. Which restetor 1s absorbing the^reater amount of power? 
Calculate the power 1n the 5k resistor 1fthe voltage source 1s 10 volts 



Calculate also t;be power delivered by the 10 volt source, 
solve for the current first! 



Remember to 



25* 



,5ft 



8. Solve for the value and direction of th J current. J>9"? 

* , ± r— —AAA* 



-T i.oy 

1 srl I 



\5 
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% Final Evaluation 



o Calculated resistance and current. 

Calculated voltages. 

♦ 

Current measured In original circuit. 
Voltages measured In original circuit. 
Current measured In (equivalent circuit. 
Final Test 85%, 



K OK RE-DO 



When all checks Indicate OK, proceed to the next learning package. 



/ 



■ ,} 
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Answers • V* 

Answers to Self-Test #1 v 

1, R t - 750 ohms; R t ■ 125 + 250,+ 75 + 300 ohms , 

2, The current Is the same for all series elements. 

I ' r 

I « 2 mA or 0.002 A; ' I - ^~ ; R t ■■ 2kf* lk + 6k or R t * 9k 
""X 18V " . „ . * 



v - I - or I - ? mA 



also I » ^gjjjj- or I » .0.002 A or 2 mA 

Answers to Sel f-Test #2 

1. E t » 10V (same polarity as 25V source); E t ■ 25 - 15 volts 

2. Rt - 400 ft; Rt 100 + 250« 



!. R t - 400 ft; R t m Jft$ 100 + 2501 
I. I « 0.025 A or 25 \^ In each eli 



3. I - 0.025 A or 25 yi In each element; - Direction: 25V down 

50ft to left 

. h . 10V ' 15V to left 

1 " r7 ; 1 " 3Mn lOOn up 

250ft to right 

Answers to Self-Test #3 

1. P25V * 0.625W supplied since current 1s leaving (-) end 
Pl5V * 0.375W 

P5OV - 0.3125W " # ' 

absorbed since current Is entering (-) and < 

PlOOV ■ 0.0625W 
P250V * 0.15625W 

Equations used: For sources (either supplying or absorbing) P ■ ExI 
^ For resistors P ■ I 2 R 

I - 0.025 A 1n al rases rt"or'R depending on value for source or resistor 
considered* 

f 

2. Total power supplied ■ 0.625W 

Total power absorbed * 0.625W « 0.3125 + 0.0625 + 0.15625 ♦ 0.375W 

p absorbed -Supplied since ' 

0.625W - 0MW ' \ 
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Answers to Self-Test #4 
added 



1. b. 

2. f. 



current 



3. c. 
c . 



5. c. 
'6. a. 
7. a. 



* either, added or subtracted depending on polarity 
850 ohms 
5 mA 
5.03 mA 



£50 mW - ExI - 50x5mA; 

also »tf 2 4k + I 2 2k + I 2 1.5k + I 2 .25k + l 2 2,25k » I 2 10k 



since power supplied equal s N powfer absorbed 
8. d. 126 mW * I 2 (4970) - (25V)xI 
d. 15V « 6V + 9V 



9. A. 
B. 

10. R t 
I • 



a. 3 V * 9V - 6V 
* *00 +• 160 + 500 + 50 ■ 1000 0 
25V 



% 0.025 -A * 25 mA 



lOOOi 



s 
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PARALLEL RESISTIVE CIRCUITS 




Goal: 



The cippronLico will be able to 
cnlrulato .current and resistance 
in n parallel resistive circuit. / 



Performance Indicators: 



1. Calculate *total resistance, 

2, Calculate total current. 
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Objectives 

Given: 

A power supply and 4 resistors 
connected 1n parallel 

An ammeter,. an^ voltmeter 

A resistor equal In value to 
the 4 parallel resistors 

Questions and problems 
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The student will : 

Calculate the total resistance. 

Calculate the current 1n each 
resistor. 

«. » 

Calculate the total supply current. 

Connect the circuit together and 
measure the currents. 

Connect the supply to a single 
resistor of equivalent value and 
remeasure the supply current. 

Complete a Final Test with an 
accuracy of 85 percent. 



Directions 



Obtain the following materials: 

A DC /power supply * 
Resistors (1/4 W, 2%)* lk, f 2.7k, 3.3k, 4.7k, 8.2k ohms * 
Any -DC voltmeter and ammeter (separate mters^Qt^. combination metei) 
Interconnecting leads or wires to connect the parts 
M/4 watt minimum, 2% suggested tolerance 

Learning Activities 

Study the Key Words 11st. . 
Read the Information Sheets. ^ 
Do the Self-Test. ' / 
Do the Tasks. 
Do the Final Test., 
Obtain Final Evaluation. 
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Parallel Resistive Circuits 

Key Words 

- * 

Conductance (G) : The property^ a component tljat allows current to flow: 
the larger the Conductance, the larger the current; the opposite of 
resistance. 

Mho (o) : A unit for conductance: 1 mho equals 1 amp divided by 1 volt. 

Parallel connection : A method of connecting electrical components between or 
across the same two voltage points in a circuit. 

Parallel circuit : A circuit where all the components are connected in 
parallel . ~~ 

Sieman (S) : A more modern unit foV conductance, equa-J to a mho. 
Short circuit: A condition where the circuit' res 1stance\is zero. 



o 
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Information Sheet 

•.«."♦. 

A parallel circuit is one in which all of the components are connected in ' 
parallel. That means that each component is connected between or across the 
same two points. Figure 1 shows a parallel circuit and the two points are 
labeled point A and point B. As you can see. the voltage supply is also con- 
nected between the two points and determines the voltage between points A and 
B. Ttie voltage across each and every component has to be the source voltage, 
and for this reason there is only one 
voltage, the source voltage, in a par- , • 

al lei circuit. The current which the 1l B I 0 

source produces divides at point A into 
the separate current paths through each 
resistor. These separate currents 
recombine at point B to provide the same 
current entering the source as that 
leaving the source. As you learned in 
the Kirchhoff 's Current Law package, 



(3.5*) 



I a 
l t 



I, + I, + I q or in this cai 



Ii = 0.5A, I 2 .= 1A, and I 3 = 2*ff, 

3.5A = 0.5A + 1A + 2A or 
3.5A = 3.5A 



'I. 






[0.5A) 


0A)< 












y 






Figure 1 



Many times a parallel circuit will be drawn or actually connected together so 
that there are more than two points 1n the circuit. In Figure 2, resistors 
R 2 and R 3 are connected together first 



to form points C and D before they are 
connected to the rest of the parallel 
circuit at points A and B.. 



If B V T 3^A)c X 3(2A) 




In Figure 2 the currents in each of the 
resistors and the total current are the 
same as they are in Figure 1. The 
voltage in each circuit is also the same. 

The only difference between the two circuits 
is that extra current paths have been made 
between points A and D and between B and 
C. If you measured the current in each of 
these extra wires you* would measure the 
sum of the currents in R 2 and R 3 or 

In other words, connecting the parallel circuit tn this way divides the total 
current from the source in stages rather than all at once. First Ij is sud 
t^acted from I at point A. What is left is I t - I, which also equals I 2 + 

I 3 . 

This remaining current divides at point 0 into the separate currents l 2 " and I 3 



Figure 2 
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In equatio 




Ii + Io + I 



I, + Io + I 



I t - u 1 2 + 1 3 

3.5A - 0.5A * 1A + 2A 
«*»■• 

3A •■ 3A 



subtracting Ij from both sides of the 

equation 

cancelling the l x terms 

for the values of Figure 2 



Of course the currents add back together in stages, first at point C to form 
I 2 + I3 and finally at pojnt B to form l\ +• I 2 + I 3 whlxh equals I ^. 

If it makes it easier for you to work only with the parallel circuit drawn as 
in Figure 1, it Is all right to redraw Figure 2 so that it looks like Figure l.j 
Just combine points A and D into a single point, and combine points B and C A 
into a single point. ,• 

In Figures 1 and 2 suppose you were not told that the voltage was 6 volts, and 1 
that all you were told was the value, of each resistor and' the total current of 
3.5A.. You can solve for the voltage by knowing how resistors combine in 
parallel. But before you do that, you should know what conductance is. Con- 
ductance is the exact opposite of resistance. 

A resistor with a large value of resistance has*li small value of conductance, 
and a resistor with a small value^f resistance has a large value of' conduc- 
tance. Conductance is the property of a' component to allpw-or to accept current 
from a source, but resistance 1s the property to oppose or to restrict current 

flow. The symbol for.conbuctance is G and mathematically, 6 

For a resistor with a value of resistance equal to R ohms, its conductance G is 
one di^ded by the* value of R. That is the same as iaylng that conductance Is 
the ?eciprocal of resistance. Likewise resistance is the reciprocal of con- 
ductance. Review the package on Equations If you are having trouble under- 
standing reciprocals. The unit for conductance is the mho. More recently the 
unit has been changed to the Sleman or just S, but many people continue to use 
the mho since it is ohm written b ackwar ds. The mho 1s aWu^yiatejkby the ohm 
symbol written upside down u. ?6r the three resistors In FT§0ren or^2: 



1 
Ri 

1 

12n. 



G * ■ i 

r h 1 

6 2 " 6ft 



G 3 ■ ~ and R x ■ 12ft, R 2 85 6ft, R 3 



3ft 



1 

3ft 



/ 



G 2 = 0.0830 G 2 = 0.167« G 3 * 0.333U 
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doing back to the original problem, given the \re si stances and the total current, 
solve for the voltage. First combine the parallel, resistors into one equivalent 
or total resistance. For parallel resistors you add their conductances. 

"conductance IN PARALLEL ADOS 

Placing additional components in parallel adds to the total current and 
Increases the conductance of the total circuit. Two resistors of equal value 
placed in parallel across a voltage source will draw twice the current as either 
one alone, and the total conductance will be twice the conductance of either 
one. - f i 

In equation form, G t = G l + G 2 + G 3 and so on for parallel resistors. 
In Figures 1 and 2: , 



G t = 0.0830 + 0.167U + 0.3330 



G t = 0.5830 



R, I 



Since the values for 6i» Go, and G 3 were 
already calculated as 6.083, 0.167, and 
0.3330. 

^ - 3.5A 



R. = 



R. = 



1 



0.5830 
1.715SJ 



E- 



1^ = 3.5A 



G + = 0.563 
- 1.715 



The total or equivalent resistance of resis- 
tors in paralle/l is always tfESS THAN the 
resistance of any one of the resistors. It 
is therefore always smaller than the smallest 
one. Notice that 1.715ft is tess than the 
smallest resistance of 3n. , Figure 3 is an 
equivalent circuit for both Figures 1 and 2. The voltage can now be solved by 
applying ohm's law to' the equivalent circuit. 

E * L x R. " • 

t t 



Equivalent Circuit of Figures 
1 and 2 



FIGURE 3 



E = 3.5A x 1.7150 
E - 6 



.bA x 

# 



1 
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EXAMPLE 1 : Four resistors are 1n parallel and the total current |s 44.4 mA. • 

6 t " Gi / 62 + 63 t G„ , 5i * lk? R 2 * 2k. R 3 = 5k. R,, * 0.5k. I t 44.4mA 

6 t"W, + i 2 + i,*t - Calculate R t and E, 

G t * Tk * 7k * 5k + $71>k remember k ■ 1000; m * 0.001; and m » 1 

1 

G t * 0.001 + 0.0005 + 0.0002 + 0.002U Als0 G t " lm + °' 5m + 0t2m \ ^ 

G. ». 0.0037U or 3.7 mu • . 

1 < 1 

R t * jc * 270Q or 0.27kn 

E * I. x R. ' 
t t 

i 

E = 0.044A x 270n "also E -44.4 mA x 0.27k 

or 

E ■ 12 volts E - 12 volts since k x njf * 1 

You can double check Kirchhoff's Current Law by calculating the currents in 
each resistor using Ohm' s Jaw. 



) 



12\' r _ 12V T . 12V t 12V 



Ij » 12mA^ I 2 s 6mA I 3 * 2.4mA It,. « 24mA 

I t * i x ♦ I 2 ♦ I 3 + U 

I t = 12.+ 6 + 2.4 + 24mA • 

I t = 44.4mA s . „ 

If the source voltage were known' Instead of the source current, you could 
solve the problem in the same way, and divide E by R t (or multiply E by G t ) to 

find Instead, you could solve for each of the individual resistor currents 

directly and add them to find 1^., 

That is I t '« I , I 2 * | 2 i»nd so on. 0 

If you arifttindinq the equivalent resistance of two resistances only, an n 

alterna^ Hrmula can be used. 

■» 

wo resistances. 
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In words the formula states that the total or equivalent resistance of two 
resistors in parallel is the product of the two resistances divided \>y the sum 
of the two resistances. *• 

Actually you can use this formula when there are more than two resistors if you 
combine the resistances 1n stage's two at a time. Examples 3 and 4 will show how 
this is done. , 

EXAMPLE 2: Find . 



t Rj + R 2 

n _ 200X300- 

K t " 200 + 300-"-'*** 



V* 



60000 a 
500 



R t = 1200 ft 
EXAMPLE 3: Find R, 



V 



Ri • 

200 A ' 



R 2] 
300^ 



to 



r - R? X R^ 

t, R 2 + R 3 

d - 2000 X 4000 „ 

t! " 2000 + 4000 w 



*R, 



R, 



■ 1 333 12 

Ri X R. 
& R t _ . 

1000 X 1333 . 
1000 + 1333 " 





R 2 

aooo-"- 



1333-"- 



R 3 
4000-*- 



R. =*571.4 n 
t » 



I 
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EXAMPLE 4: • * • \ ' v ' 

Find R t . Two different ways of combining resistors two a^t a time are shown as, • 

well as the method using conductances. Compare the methods to see which you 
prefer. It doesn't matter which two resistors you combine first. Method 1 
and method 2 are different only because different resistors are combined 
first. Method 3. combines conductances: x 



a 



(oOO 




Method 1 



D ,600X400 
"VfiflMOO 



R«. =240fl 

R. XR. 
\ R. +R. 

□ , 240X545.5 
R t"240+545.5 



166.7 n 



t2 



Method 2 

D -RlXRli 

K ti^i+iC 



1200X1000 0 ,600X1000 D .400X1200 
rtKxr ™ % 600+1000 R t 2 400+1200 



Viawobo 



Method 3 ^ 

G t*?r i "*R'2' f R3 4 R' l4 ; 



R. »545.5n 
l 2 



R f =375n 
R; XR. 

n ,375X300 

R t 375+300 



R t -166.7n 



R f -300n 

t2 



t^Wo'lWlOOO 



G -0.00167+0.0025+ 
* 0.00083+0.001 



G t -0.006o 



Batteries are generally NOT connected in parallel. If two batteries are placed 
in parallel, plus side to plus side and minus side to minus side, usually one 
battery will be supplying power, and the other will be absorbing power. A very, 
large current will flow if the batteries do not have, the same voltage. The same 
is true for other voltage sources. • 

A battery that is absorbing power is being charged. 

This can cause damage to the batteries unless done under controlled conditions' 
which include the following: 

1. Charging only rechargeable type batteries. 

2. * Observing proper polarity. 



A. 



Manually or automatically controlling the current that flows. 



10 
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Small- resistance to* limit current 



V\A-, 




Battery #2 1s being charged 
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The battery with the sinaHer voltage 1s 
being charged. If 1t 1s rechargeable, 
Its voltage will Increase, and the vol-/ 
tage of the battery supplying power will 
decrease. Charging will stop (zero 
current) when the two - battery voltages' 
are the same. 



If the two batteries are placed 1n 
parallel, plus sjde to minus side and 
rn^us side to pTus side, both batteries 
will be short circuited by each other. 
This will cause excessive current, and 
1t will destroy the batteries. 




Excessive current flows 



Batteries Shorted and Damaged 



REVIEW OF FORMULAS FOR PARALLEL CIRCUITS 



G t = Gi + G 2 + G3 + Gi, + ,and so on 

V s I II ^ or two ' resistors in p« rallel 



**** 



Y 
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Self-Test 

1. Two or more resistors in parallel have the same 

a. voltage, b. current. c. power. d. value. 

2. To find the'equivalent value of resistors 1n/ parallel the resistances must 

be . • — -J ' 

a. added. b. subtracted. c. added then inverted. 
d. inverted thdn added and the result inverted. 

3. The equivalent value of parallel resistors is 

a. smaller than b. larger tfiar^^c. equal to d. twice 
the value of the smallest resistance. ■ 

4. A 600 ohm and a 300 ohm reslstoV are in parallel. The total resistance 

is ' 

a. 900 ohms, b. 300 ohms. c. 200 ohms. d. 0.005 ohm, 

5. Four resistors are in parallel, a lk, 2k, and two 4k's. 1s 

t « 

a. 571 ohms. b. 500 ohffis. p. 'ilk. d. Iks 

<• 

6. Solve for the voltage E v V 



E * 



1. Solve for I. and R. 

t t 



-y | — Jf- M "l5mA- 

''I 



T 



AO-*- 



}. Five resistors are in parallel. Rj « 2k, R 2 ■ 3k, FC 3 * 10k, and 
R 5 = 100 n. Calculate the equivalent resistance R,> < 

' • / 



1,2 
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Batteries can be placed in parallel without danger or damage to the 
batteries 



a. no matter how they are connected. 

b. If the one that Is charging 1s properly connected and 1s a recharge- 
able type. 

c. . under no circumstances. 

The total resistance of three parallel resistors 1s 100 ohms. t)ne of 
the resistors is 200 ohms and another is 4ti0 ohms. Find the third value. 
Use the conductance method. . ' * > 

.•»•■•" 

R 3 * 

• ••• 

Which battery is being charged 
(absorbing energy)? 



tr 



R 

AAA- 



A -± 

13.2V 



r 



I 



1 



Determine the H value of the 
unknown resistance R . 

X 

R*! * 15 n* > 



IP 0 

) 



Li 
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Task 



\ 



Given a power supply and the following resistors Connected in parallel, 2.7k, 
3.3k, 4.7k, and 8.2k. Measure the supply voltage with, the voltmeter. Calculate 
the equivalent value of resistance. 

Calculate the value of current that will flow when the supply is Connected, 
Use the measured value of supply voltage. ' 

Calculate the current *hat will flow in each resistor. 

^ZTttl J? ci |: cuit 4 u J in 9 the interconnecting leads, and alternately connect the 

STfi ^iItoJ!? 12 ^JfiST; In th1s ^ med ^ e ™*«* in - h 

S e rthe n F1gSre he ammeter in series w1th the supply/to measure the total current. 

2oc?c? a L Sin9 r e res ! s ^ of value equal t0 tne val ' ue calculated for the total 
resistance. Connect this resistor alone with the ammeter and the supply all 
together in SERIES and measi^he current. See the Figure. 




The current measured with each single resistor should equal the total current 

fo^SLi f ^^t? Hgin ^ circuit - u should * lso ^ the «lSlrtd™. 

Also the calculated and measured values of individual resistor currents should 
be the same. The following are reasons why any of them may differ: 

1. The meter causes errors in measurement. 

2. The actual and printed values of the parts may "differ. 

3. You may have made an error in calculation or measurement. Have your 
instructor check your results. 





m^e 



Aroiteter Connection to Measure Ii 



Ammeter Connection to measure r 
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Final Test 

1. When electrical components are connected in parallel ,/the voltage across 
each and every component will be 

a. zero. b. equal to the current. . c. different from each other, 
d. the same as each other. * • 

2. To combine parallel resistances you add 

a. conductances. b. resistances. c. voltages, r 

3. The equivalent value of resistances in parallel will always be less than 



-the 

a. largest resistance. b. smallest resistance, 
c. largest plus smallest resistances. 



4. Four resistors are. connected in parallel. Ri ■ 100ft, R 2 = 150ft, R3 = 50ft, 
and Ri, - 200ft. Calculate the total resistance R t - 



5. The equivalent resistance of three resistors in parallel is R t = 500. One 

of the resistors is Ik and another is 2k. Find the value of the third. • 
Use the method of conductances. 

6. Solve for the voltage in the circuit. 



7. Which battery. A or B is being 
charged? What limits the current 
from charging too fast? 



8. Solve for l t and R t « 



£ - 15V jzl. 




E ~ 



A 

I2JV 



T 



— n± 

B - 



zoo\ 



3db-^ 500V ioo* 



# 



15 



2St) 
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Answers ' 

1, a. -Voltage, 

2. I. inverted* then adtfed and the result inverted. 
3.. a . smalleY than » 

4. c. 200. ohms* 

5. b. 500 ohms. 

6. 6 volts. ' 

7. r 4.375 A. * 

8. R. = 89.82ft. ' ■ 

t- ' , %\ 

9. ' b. if the one that is charging properly connected and is a rechargpable 

type. 

10. 400ft also G 3 « 6 t t Gj - G 2 

* G 3 * .01 - .005 - .0025 0 

G 3 - .0025 y * , "< 

1 * 

* 3 S G 3 

R 3 * 400ft / ■ 

11. Battery B (1OTV) is being charged. , .* . 

12. R x - 30ft; G t = Gi + G 2 + G x , G t - £ U , 6, • ^j, G 2 - -j^ u 
G x = G t - G l - G 2 , G t =*0.Sj, Gj = 0.0667«, G 2 **0.1u 



.* 6 * p. 2* 0.0667 - 0.1« 
- G = 0.0333U 

( ^ X "W 

R t 1 

R x ''= 30 ft -jj 



- \ 16 
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Final Evaluation 

Calculated Resistance 

Calculated Currents 

Measured Resistor Currents 

Measured Total Current 

Current Measured in Equivalent Circuit 

Final Test 



OK 



RE-DO 



When all of the checks indicate OK, proceed to the next learning package. 



1 
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Goal: 



ERIC 



The apprentice will be able to 
calculate current and resistance 
in a series-parallel combination 
circuit* m. 



\ 



\ 



/ 



Performance Indicators: 

1. Calculate resistance. 

■* 

2. Calculate current. 
3/ Measure current with ammeter* 
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Objectives 

Given: 

A voltage source and resistors 
arranged in series-parallel 
combinations 

A voltmeter and ammeter or 
combination voltmeter-ammeter 



El-BE-22 
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The student w1l 1 : 

Calculate the equivalent value of 
resistance for the series-parallel 
combination. 

Calculate the current drawn by the 
Circuit with the source connected. 

Measure the current with the ammeter. 

Measure the current with the circuit 
.replaced by the equivalent resistor. 



Questions and problems 

Directions 

Obtain the fol lowing: 

A DC power supply 

Resistors 1/4 watt, 2% 
. 330, 470, lk, 1.8k, 2.2k, 2.7k, 
3.3k, 4.7k, ohms 

A DC voltmeter and ammeter (or combina- 
tion meter! 

Interconnecting wires or leads 



ite a ^1r 



Complete a £lna1 Test with an accuracy 
of 85*. v 



Learning Activities 

Study, the Key Words.1 1st, 

Read the Information Sheets. 

^ Do the Self-Test. 

Do the Task. 
.. Take* the Final Test. 

Obtain Final Evaluation. 
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Key Word6 ' >t 

< . ' • / 

Klrchoff's Voltage law :/ The law that states that voltages add 1n series or 
that the sum of 1 the vol tages around a closed path Is zero. 

Klrchoff's Current Law : The law that states that currents add 1n parallel or 
that the sum of the currents entering 'anfl leaving a point Is zero. 

^AB : ^ sy^b 0 ^ to represent the voltage between points A and B 1n a circuit. 

Series connection of components : A method of connecting electrical components 
so that one end but only one end of each component lV~connected to each of the 
other components; series components always have the same current. 

Parallel connection of components : A method of connecting electrical compos 
nents so that they are connected between or across the same two points 1n a 
circuit; parallel components always have the same voltage. 



\ 



i 
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Information Sheet 

Most circuits are connected so that there are both series and parallel combin- 
ations of resistors. The circuits can be simplified by combining either series 
dombl nations, or parallel combinations of resistors. Usually the combination of 
either series oV parallel resistors will change the circuit In such a way that 
additional series or parallel combinations result. The cWtdt can then be 
further simplified, and the original complicated circuit can bi reduced to a / 
simpler one by a series of repeated combinations of resistors, / 

Using the process of repeated series and parallel combinations jOst described, 
we can often reduce the circuit to an equivalent circuit of only a single 
resistor. The Important thing to' learn 1s how to determine which resistors, If 
any, are actually In series or which, If any, are In parallel. You must be 
careful not to combine resistors' that are not actually Jn series or In 
parallel. 

■ ' * « • \ " • 

It should be helpful to you to review the packages on semes and oh parallel •> 
resistive circuits to remind you how components are connected In series or In 
parallel. It may also be helpful to go all the way back tto the package "Intro- 
duction to Circuits" In which series and parallel connections of components 
were first defined. v \ * 

\ 

Before an example Is worked, the rules for series and parallel connections are 
restated. • 

■• / 

Series connection— components are In series If they are connected enfl to end 
such that one and only one end of each ' ( 

component Is connected to another compo- 
nent. Another way to. Identify series * 
components Is to look for components with 
the same circuit current. Components In 
series will always have the same circuit 

current. + SERIES CONNECTION . 

Parallel o^rmect Ion— components are In parallel if they are connected between 

or across the same two voltage points In r - fyyv. 

a circuit. Another way to Identify par- 1 
a 1 lei components is to look for components 
with the same circuit voltage. Components 
In parallel will always have the same ' 

circuit voltage. PARALLEL CONNECTION 

A special case occurs when there are only two components^ n the clrdult. The 
two components ere both In series and In parallel since they have the same 
current and the same voltage. } 
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Here are some examples to help you recog- 
nize series *nd parallel combinations* 
In the figure, which resistors are in 
series and which resistors are In parallel? 
Rg and R^ are 1n series. They both have 

the same current, 1^, flowing 1n them. 

There ace>0 reslttors 1n parallel. No 
two resistors are connected between the 
s*me tw6 points 1n*the circuit. R, 1s ; 

B, 

v 3 u C ,n Ct u u u..u C, and R^ 

The source E 1s between points A 
four points are separate joints and cannot 
be combined since each' 1s separated by at 
least one component rather than a wire con- 
nection. So the only thing you can do 



between points A and 
Ro between B and 



^1 

Rg between B and 
between C and 
and D. 



D, 
D. 
All 



Is to combine R, and R 



4 Into one equivalent 
and redraw 



resistor which could be called R, 
the circuit. 



E and R are 
both In series 
and 1n parallel 





- R 3 + R 4 

.* 20 + ion 
« 30n 




Notice that point C 1s eliminated when the 
equivalent circuit is drawn. Notice also 
that combining and.R^ Into a single 

resistor has resulted 1n the parallel 
combination of two resistors and -the 

new resistance R . R ? and.R are both 

■ between the points B and 0 and artf 1n 
parallel. No two resistors are 1n series 
anymore. , 

>w you can combine R 2 and R x into a single equivalent resistance; call It 
R^J and redraw the* clrqult. - 



Equivalent Circuit 1 



R 



R 2 x V 
j IS x 30 



ion 
♦ 



n 




Equivj^ent. Circuit 2 



V 



9 
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In the second equivalent circuit, the only two resistors left are 1n series. 
Combining those two 1nto\one final total resistance for the entire circuit, 
R t , you have A 

\ ' h + «y E 

R t ■ 30 + 10n ' t2v 

j 

\ * 40ft - Final Equivalent Circuit 




Now that.R^ has been determ1nyk~fj can be found. 



1 -I 
1 h 

r , 1 2V 



l x • 0.3A 



You can solve for all of the other currents and^voltages 1n the original cir- 
cuit by going back to the other equivalent circuits. Using equivalent circuit 2 

the voltage. across Rj-E^-IjXRj and the voUagt across Rg-Egjj-LxR^ 

E AB -0.3Ax30fi E BQ -0.3Axl0n 
E AB -9 volts E B0 -3 volts 

Notice that E AB + E Q0 - E AD - E Klrchhoff's Voltage Law. 

9V + 3V - 12V fr* 

Going back to equivalent circuit 1, « 

E E ' 

I 2 ■ and I 3 .■ ^ * but E BD has been found 

to be 3V so l^.ffc and 1, . ffc 

I 2 ■ 0,2A I 3 - 0.1A ..' : 

Notice that I 2 ♦ I 3 ■ Ij Klrchhoff's Current Law \ 

0.2A + 6.1A * 0,3A * ■ , 



V 
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Finally, using the original circuit, 

the voltage across R£| Eg C ■ 1 3 x R 3 and across R 4 , E CD ■ I 3 x R 4 



he ■ » 



Not jce that + E C p o * -E fi p Klrchhoff.'s Voltage Law ** » ; • 

2V + IV ■ 3V ' • ' ."" ' 

Finally, all ,of the currents and voltages .have been found, and Klrcjioff's/taws 
have been usp as a double check. '.•'».' 



Example : 



Find R t and solVe for al) of the cur- 



rents and voltages .1n the 4ttvu1t. 

Which resistors are in ffifmsY <*0nly 
ft 2 , and R 3 , so R x ■ R 2 + R3 , ' . 

R v - 50 +100 ' 

R -^50 !i 

A 

Whiph, resistors are In parallel? ' 

* ' -^a * 

.. . 5 6 

D 1 4"00 x 200 



133n 



3 




In equivalent; circuit Jy R and .ft: are In parallel / ^-^'^'p^^^'^ ? ^ 
R 'X R. • * ' Lol^ T 



3. 
100U 



50 x 300 

53?f 3oo 




Equivalent t1rcu1t l 



ERLCr 



8 



'T- 



■1 :>■# 



1 m. • 



■y::r: 

. , i. 



•4 . 



■n 
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Flfwul.ly R.,- R . aim'.R, are in series so that R ■ R. + R f R 1 - 



R t » 67 + 10J),+ J33U 



R^'« '300n 



X . 



r 1^;. 150V 

/, .Jt JOT 



i f » ; *0.5A 4 




1. 




s Equivalent Circuit 2 

f r- 




Final Equivalent Circuit 

■ • • %■> ■■ 



E AB 



€ B0 " l t x ft z 



E B0° " °< 5A x 1000 



T - 



ho J sov 



N " 't * R y 



E 0 j - 0.5A X 133r' 



4E DE - firv 



i 



E 



I j «h O,33A.. 



50V \* 



Qa67A 



E DE 
67V 



I 3 - 0.1675A 



fc 0E 
6,7V? 

v 

0.335A 



E BC "J 1 * x V 



^ 



E nr « 0.33A >ft5t)ft' 



E e0 ■• 0.33A x lOOn 



E B ^f 16.8V 



cp . 



33y 



•V- 



* 9 
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It was already stated that some circuits do not "have any combinations of 
- resistors that are either 1n series or 1fr parallel. These circuits cannot be 
simplified by the method presented here. One example of suchra circuit is the 
brltige circuit. Notice that no two resistors are either 1n series or in 
parallel. Each of the resistors and the source 1s between a different set of 
. points In the circuit. Als^there 1s a different current in each resistor and 
the source since the current divides at each of the points. A, B, C, and D. 
' Methods used to calculate £he voltages and currents are a subject for a more 
advanced course In electronics. . • " 




Component 


Between Points r 


in resistor 


A & 6 - 


3'n resistor . 


A & C 


source 


A & 0 


4n resistor 


B & C 


2n resistor 


B & 0 


1.5ft resistor 


C & 0 



BRIDGE CIRCUIT 



Power in a series-parallel resistive circuit 1s calculated 1n the same way as 
it Is In. less complicated circuits. 

"The total power supplied by sources equals the total power absorbed by resistors 
(or ptljer* sources If they are charging)* ' » 

The power absorbed for each resistor 1s calculated once you have determined 
either the current or voltage for the resistor* 



Using the resistor current 

»■ « 

Using the resistor voltage^. 



' P »>I 2 x R 
E 2 



All threei formulas give 
the same answer. 



_Us1ng#D0th current and voltage ; 
for the resistor P ■ E x I 

The power suppned by a source 1s calculated by the formula 

; • P ■ EX I 

where E and 1 I %re* the values of voltage and current for the source. If the. 
current 4s leaving the plus (■+) terminal of , the source Instead of the ml.hus "v 
• (#) terminal, the formVla gives the v power ab^wfred by the source. ' \ 



Self-Test 



" S&rles-Paral lei Resistive Circuits 



for the circuits in questions It will probably be helpful to assign 

letter labels to each of the separate points 'as was done In the examples. 
What maylook 11ke;two different points will be the same point If they are 
connected by a piece of wire. Also two resistors may be connected together 
without drawing a conneqtlng dot, but a connection Is nevertheless made so 
, that a letter should be assigned to that connection or point. Draw your own 
dot if It 1s helpful. * Letter labels are already assigned for the first two 
figures In ordeY to help you understand the procedure. 

1. Serfes resistors always have the same s - ' 

a. voltage. • * ! • 

b. current. t • v * 

c. power. 

d. resistance value. / 

2. Parallel resistors always have x the same 

a. voltage. 

b. current. 

c. power. *, 

d. resistance value. '. 

. .3. Determine which, If any, resistors are 1n 
\ series and find -tyie equivalent value. 

: 4. Determine which resistors, If any, are In 
parallel and find their equivalent value. 



.5. 
6. 
7. 
8. 




Circuit for Questions 3-5 



2^ 


BX 






9-JL 








3 -ft. 





'9. 

40. 



Solve for the total equivalent resistance 
for the circuit In questions 3 and 4. ■* 

Determine which resistors, If any, are 1o 
:series and find the equivalent value^. 

Determine which resistors, If any, are 1n E ZEl 
parallel and find their' equivalent value. 

Solve for the' total equivalent resistance 
for the circuit In questions 6 and 7. 

(Circuit for questions 9-11 on following page.) Circuit for Questions 6-8 

Solve for the equivalent value of resistance for the total circuit (R t ). I 
Solve for the currents and voltages h each of the resistors. 
Solve for the power supplied by the source. 



#1 

y a ' 
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It 



iov ~zr 



10 

AAA 



10-n- 
AAA 



AAA*— 4 



Circuit for Questions 9-11 
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Task . 

l, Calculate the_e^u1valeht value of resistance for the circuit shown. 



•9V-=- 



'I 



te t he equ ivalent \ 



V H IV" 
sure the source voltaoi 




3. 
4. 



2. Measure the^loufce voltage. Use this value to calculate the.e^rrent 
drawn from the source jj^th the circuit connected. 

Check with your 'Instructor^ that you have calculated the correct values. 
Then get a single resistor equal In value to the calculated circuit value. 

Connect the circuit and measure the current with the ammeter. Connect 
also the single resistor alone and measure the current with the ammeter. 

5. All three currents should be close to the same value. If your resistors 
* were low-tolerance, types, the results could be considerably off. Check 

with your Instructor tp determine how well you did. ~ . 

6. Calculate the equivalent value of resistance for the .re-arranged circuit * 
as shown. > 

U8K A JUMPER WIRE :\ , 

Connect a jumper 

■AA£ — v ^ wire between 

IK points A and B 
as shown. 
" s 




7. Calculate the currer^j^hen a 9 vo}£ source 1s connected to the circuit. 

8. Connect the*complete circuit and measure the current. 

9. Connect a single resistor of equivalent value as calculated and measure 
the current 1n the 'single resistor with the ammeter. 



10. Have you 



Ant 1n the *s1 
r/ Instructor 



check your calculated and measured results. 



*PoVft)ts A and^B are 1nd1cated^as separate points only ^o Indicate where to 
attach an Interconnecting wire or jumoer. When tn1s 4 jumper 1s connected, the 
two points became the same point 1n the circuit. The circuit Can be drawn a 
different way by placing the 2.2k resistor to the right of the lk resistor, 
but an interconnecting jumper 1s still needed. In both cases the 2.2k and lk 
resistors are 1n parallel and connected between the same two points In the 
circuit. » 



\ 



V 



Final Test 
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1. Determine which resistors, If any, are 1n series. 

2. Determine which resistors, If <anyi we In parallel. 

3. Solve for the total equivalent reslsUnte/ 

» ° 

<fc Solve, for the currents and Voltages 1n each of the components. 
5. Solve for the power suppl led^ by the source.. 



AAA- 



25V_ 



4 

AAA- 



ioc> 



r 



V 
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OK 



RE-DO 



Calculated Resistance 
Calculated Current 
Measured Current 

Current Measured In Equivalent Resistor 
Final Test 85% , 



When all of the checks Indicate OK, proceed to the next learning package. 



/ 



V 



\ 
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1. b. current. / 

2. a. voltage. 

» • * 

♦ • 

3. No reslstors/are In series. 

4. 375ft, 3k, k and lk are all In parallel. All are between points B and C. 



l 



l 



W0~(u) 

(inverted ohm— n) 



R * i " OW " 25Qn ' equivalent value 

5. 2k* and 250»»are In series equalling 2000 + 250 ■ 2250n 

6. 8<T.and 4ft are In series equalling- 8 + 4 * 12n 
5ft and 7n are *1n series equalling 5 + 7 * 12n 

7? 9ft and 3ft are In parallel equalling « 2.25n 

.8. 12ft and 12ft are In parallel equalling 6n 

2n, 6n, and 2. 25« are In series equalling 10.25ft 
9. Circuit Is drawn w*th letters assigned. 

o V\A 




\ 



\ In parallel 

0„o x between points 

3£> \ B and C 

/ 



/ 



a In series, point C 
Is eliminated when 
combined 



/ 



In parallel between 
points B and 0 
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A / 



-r~7 



iov 



I 



10V 

t TO 



7 



0\ 



. \ 1 ri series R t * 10 + 20 + 100 
^ | R. - 40fi 



/ 



.25A 



iov — 



10* 



2.5^ 



w aO*l l ■ .25A In bdth lOn resistors and 
2$fl equivalent resistance E ■ IR 

" # k 5V - .25A*x J20n 




i - £ 

• 083 " m 




•I 

V* IR 

20-"- 1.67V • . 167A x lOfi 
. 3.33V - .167A x 20o 
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Series-Parallel Resistive Circuit ■' 



P sourc 6 ' ">» " 0.25A - .2.5W 



4 



1 
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Final- Evaluation 



•i El-BE-22 
$er1es-Paral1el'Res1st1ve Circuit 



RE-DO 



CaVcutated Resistance 
Calculated Current 

♦ 

Measured Current 

» 

Current Measured In Equivalent Resistor 
Final Test 85% .\ 



When al J checks Indicate OK, proceed to the next learning. package, 
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sw/tches and relays 

A 



Goal: ' 


Performance Indicators: 






The apprentice* will be able to 
describe types of switches and 
relays. 

> 


1. Identify common types of 
' switches. 

2. Describe relays. 

• 

> 

« 


\ 


* 


t> ■ * ■ - - - , r , • 
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Objectives • • 

XHven: ■- , ' • 

An- assortment of switches and relays 



Questions on switches and relays 



Directions 

Obtain the following: 

Assortment of switches 
A relay 

Connecting devices 
Lamp 
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The student will': , 



Identify the different types of 
switches.:. 

Connect circuits using Switches to 
operate lamps 1n different modes'. 

§ 

Draw operational circuit diagrams 
using switches and relays. / 

Complete' a Final. Test with an accu- 
racy of /901. 



Learning Activities 

Study Key Words 1 1 St. 



Read the Information Sheets. 

Complete Task circuits a/nd drawing. 

Do Self -Test. ■> 

Do Final Test, 

Obtain Final Evaluation. 
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Key Words v . , 

■', » • ■ <. ;•., ■•■ . 

t.. \> '.'.;'.•„. ' " ' • ■ • ■ .■' 

■: vArcr* A discharge of electricity tfryraugh : a gas (such as airfc 

. ' Closed : :A < closed l oio p v a cW^te path; a connected circuit/ •. 

•••"flC.: ' Normal 1y c1osedV ;< -c|o|ed v In -the .rest' position. • . 

NO: Normally open; open 1n the rest position. . 

• Open : An open loop not connected; not operational; di,scofon ected . 

, ... Pole: The part of the switch that has. the moving contact on It/ 

Rotary : ; A switch that Is- turned with a knob w()1ch can select any one of many 
.. contacts., . * • ' , - i • /' 

N throw : . The part Of a switch which has the stationary contact on 1t. 
'Hydraulic /ctldn : devices that are operated by fluid flow. \ Example: the 



\ 



brake system in the automobile.) 

Bimetal ' action : ' "A strip of,2-1ayer metal that bends as/heat 1s applied. 
The bending of the strip cah- activate swltthes, etc. 



Symbol for reMay 



v 





POUE 



Symbol for switch 



-<i- — TJS 



•THROW • 
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SvJi tch.es' and Relays 

x Information Sh^et , ^ ' : ^ 1 

* * 

The switch is one of the most common electrical devices.. We, use switches 
every day to turn of f or on our lights, appliances, and machines. Some 
switches are very simple. One example 1 s-the light switch that is on the' wall 
of' a home. Some switches are very, compl icated. These include riul ti-heat 
switches* on the electric range and rotary switches that are found in radios, TV 
» sets, and stereos. * . 

Le/s . start wi^h the/ most simple switch, called the SPST switch. The SPST 
stands for single-pole, single-throw . Below you see the symbol for a SPST 
switch. Next to the symbol yoo see what the switch looks like. (pictorial ) . 





POLE — ' 1 — THROW 
SYMBOL 



PICTORIAL 



Notice that on the symbol there are on^ pole and one throw. Because there 1s 
only one of each, there are only two places to connect wires. On the pictorial 
you will notice that there are only two terminals. This will help you Identify 
a single-pole, single-throw switch. Now let's hook this switch Into a circuit. 
We will use symbols for, the circuit components. Study the symbols and pictor- 
ials below. Be sure that you can identify each of them. 





BATTERY 



LAMP 



5 2D? 



EL-BE-23 
Switches and Relays 



Here are two ctrduits. They are the same except that th^ first one is shown 
with the switch open and, the second wUh the switch closed. 

/ • 



s 



OPEN 



I 



JT 
t 




CLOSED 



No current flow. 



Current flow. 



The circuit that is open is/broken; there cannot be any current flow The 
circuit that 1s closed has *a complete path for current. ,Jhis makes it opera- 
tional. This 1s the type of circuit that is found 1n the common flashlight. 

As you have learned, switches are Identified by the nunfber of poles and throws, 
Let's look at a single-pole, double-throw switch. 



•V 



POLE Jl 



-THROWS 



, The SPST switch was good for turning one 1 amp off and on with one switch. 

How can we turn one lamp off and on with two switches?' The SPDT is the switch 

-. for the job. Study. the next drawings. Notice that no matter which position 

the switches are in, it 1s possible to turn off or on fine lamp from one position 



or the other. 



£>wrrcH 





Closed. 



i, it 



Open 



When this type of circuit 1s used in a home, it Is called a three-way switching, 
hook-up. ( 
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There are other switches which make It possible to turn off or on a lamp from 
three or more positions. The following shows the, first two 'switches we have 
studied. and two other switches that you may see. 



DOTTED UNE MEANS 

POLES WORK TOGETHER 




•SPST 



SPDT 



DPST 




There are some switches that are made so that they return to the same position 
when they are released by. the operator. These are called momentary-contact 
switches. They are normally spring loaded so that they flip back when released 
Momentary-contact switches can be the normally open type (NO) or the normally 
closed type (NC). Pictured below ar»e the momentary-contact-type switches 



rA PUSH WILL , A PUSH WILL 
riDmir HE JZ^LOSE THE CIRCUIT- 





CIRCUIT 
NC* NO 
-NC £ NO SWITCHES CAN LOOK ALIKE 



Another type of switch that is very common and sometimes very complicated 1s ' » 
the rotary switch. The rotary switch may have many sets of poles and multiples 
of throws/ The following are a few rotary- sw1 ten symbols and their names. The * 
second P .stands for position ; 3P3P. stands for three-pole, three-position. 




3P3P 
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Another switch which \s less common but very Important is the reed switch, it- 
is sealed in a glass tube and is operated with, a magnet. What' 1 1 looks like Is 
shown below. 




LEAVES 



•SEALED BOTH ENDS 



MAGNET 



* 

AS THEMAGNET ISBR0U6lff|Gi«pSETMeLEA\/ES SNAP. TOGETHER 

NET- "\ ' /• tf&f^ . ' 



STPST * NO 



The outside appearances of switehes^acy^as to their apgj&cation and .mounting 
method. Below are a few of the most common type^ and ttfelr names/* The names, 
refer to the mechanisms which activate them. 




Toggle 



Slide 




Rocker 




Push Button 



Lever 



Switches are given ratings for their current and voltage capabilities. To 
understand why this is done, remember that whenever an electric circuit Is* 
, broken, an arc occurs. This hot arc burns away* at the contact points. The 
more current or the more voltage, the greater the arc. The contact points take 
most of the beating as the switch Is used. These points are made of metals that 
are very hard and will not burn or a material that 1s conductive even after it 
is burned. The points in a car are of tungsten, a very hard material . "The 
points in a water heater are made of, silver. Silver 1s conductive afte$ It has 
been burned. Some switches have snap actions which switch very quickly. The 
fast switching reduces the arc and saves the contact points. t 
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Relays 

■i + 
The relay is nothing more than a switch {fiat 1s operated from .a distance by an 
operator,, a time clock, ascadlo or t even T computer* Have you every wondered 
.what turns the bell off and on at the"beg1nn1ng and end of the class time? 
Right, a relay 1s the switch that does the job. The time clock turns on'the . 
relay and the. relay turns on the bell. You may ask, "Why do we need a relay? 
Can't the time clock turn on the, pell?" If you think about J t for a while, you 
will realize that there are many bells 1n the school building. Just. think of 
the arcina on the contacts 1n the^clock. Wouldn't 1t be better to divide up the 
switching jnto 'several switches for different parts of the buildtng? Right 
again. The clockfwlll last much longer 1f we don't overload the small timed 
switch inside the cloc{j|- - 

But just how does the reVay work?' Mo.s*t relays work "on electromagnetic action. 
There are a few special, types that use air, hydraulic action or even bimetallic 
action to do the switching. Let'.s consider the magnetic type. 

The imaqnetic relay, as the name says, uses magnetic energy to operate the switch 
contacts. The magnetism 1s produced by the electric current from the coll. This 
closes the ^w1 ten and closes the circuit. When the current 1s*off, the magnetic 
field collapses, which allows the return spring to 11ft the arm and open the 
switch. Study the circuit below. Notice that the electromagnet 1s turned "on and 
off by a remote SPST switch. 



MAGNETIC POLE FACES 
J — 1 iPOLL 

\ REMOTE Q3NTRX 
0 SWITCH 



h|i|- 




RETURN SPRING 
ARM 



ELECTROMAGNETIC COL 



When the SPST'SwItch is closed, the arm of the electromagnet Is pulled down 
against the pole face with a snap. When the control switch 1s open (as shown), 
the magnetic pull stops, and the arm 1s pulled off the pole face by the return 
spring. It is this up-and-down action that 1s used to close and open contacts 
in the relay. The following circuit shows a practical set-up with a relay used 
to turn on and off a motor on an Industrial elevator. 



4 
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MOTOR 




OPERATOR 
SWITCH 'o-l 



There 1s an advantage \n using the relay to turn the motor off and on: small 
wires to a small switch can control large amounts of energy.' } 

The construction of relays differs somewhat, but all of them use similar 
action. The drawing below shows the construction of a typical relay. Notice the 
-set of contacts. Which ones are normally open? Which ones are normally closed? 



SWITCHING CONTACTS 
3 




POLE FACE (AC TYRE5/AIS0 HAVE 0 RING) 
■RV0T- 

REFURN 

SPRING 

ELECTROMAGNETIC 
COIL 



Relay with Parts Labelled / 

You are right! Contacts 3 and 4 are normal ly' open (NO). -Contacts 5 and 6 are 
normally closed (NC). Connections 1 and 2 hook to the electromagnetic coll. 
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Another switch that you should know about Is the mercury switch. This switch 
Is h position switch. k When one side 1s up, the switch 1s off; when the other 
side 1s up, the -switch 1s on.. Study the, drawing below. Is this a SPST or SPOT? 
How 1s the contact made? , * * 



MERCURY 




WIRES 



Closed Position \ 




\MERCURY 



Open Position 



Right! It 1s a 'SPST switch, It has only two connections. Right again! The 
contact is made by the conductive mercury touching the wires 1n one end of the 
bulb. 

K 4 . 

You may have seen one of these switches 1n action, on the trunk of a car. When 
the Hd 1s open, It/turns on the light. When the I1d 1s closed, 1t tilts the 
switch which turns off the light. 
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SelMest 

Choose the correct; answer. 



1. The A/C relay has a special//, 
a. washer ;• 



on the pole face. 



i 



b. R ring x ;\ 

c. D ring »< «.; 

d. A ring, '. . ' 



a.V 2. The magnetism in the relay Is prMlcJed by 

a. ' ; : the .coll . v v 
* bV the contact. V 
c. tfhe terminals, 
v , : d. the N return spring* 



V, 



\3.\ This pushy button 1s a 
V '• a'. SPST 

•\. ;' : • b. M 
y\ c. • closed 

"V d. .NC 

i V 

4. fhis symbol 1s for a 
,)\ \* a. SPST 
>\ b. .DPDt 
SP5P 
5PSP 



type, 



type, switch. 



i >s c. 

\ \V.f4 



5. Identify the switch In this schematic, 
a): SPST 
b>\ SPDT 
. c. • DPOT, 
d.\ ;?DPST 




6. In this drawing S: -1s) a 

a. toggie / 

b. rocw 

c. SPOT, 

d. m\\ 



type switch. 



•l_rt 



7. SPST stands for a\ type switch. 

a. s1ngle*pQle, single- toggle ; 

b. slngle-po^e, single-throw 

c. any rockQ>A; ; 

d. snap 



8. The snap action on soma switches 

a. . hel.ps the operator know when the switch Is activated. 

b. Increases the \rc. s 
decreases the ate. 



c. 



d. means that the switch Is new. 



\ 
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9. The mercury .In the mercury swi tch provides 

a. " the electrical contact. 

b. weight control. 

( c. Indication of switch position,. 
J d. Improved appeararlce. 

10, Silver Js used on some switch contacts because of 
^ a„* s ..appearance. 

b. lower contact resistance even If burned. 

c. smoother action. 

d. . high expense. 



of 
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Task * 
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Construct and test the following drcjXlts. 

Circuit \ _ . * ^ 

. Construct a circuit to turn on and off one lamp with one SPST switch. 
(Use schematic as a gu1dej 



UNE 



Circuit 2 < 

Construct a circuit to turn off or on a lamp from two locations using 
two £PDT- switches. (Use schematic as. a guide.) 



s 

Circuit 3 



Construct a circuit to turn off or on one. lamp with a relay controlled 
by a SPST switch. (Use schematic a^ a guide.) 



LINE 



NO, 

on o- 



5? 



^ I OTP — 

— Bll ^ 



SPST j 

Circuit 4 « 

Complete this drawing (schematic) using a rotary switch as a selector 
to connect any one of the .following to an amplifier. 



TURNTABLE 



TUNER 



TAPE PLAYER 



o 
o 



14' 
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SPEAKER 



AMPLIFIER 
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Final Test 

1. SPST stands for' ~ 

a. Single-position, single-toggle. 

b. S1ngle-pole t single-throw. 

c. Special-position, single-throw. . 

d. Any' toggle switch. 

2. In this circuit drawing $2 is a SI 



3. 



4. 



5. 



a. a toggle sw1 tch. 

b. 4-way switch. 

c. SPDT switch. 

d. a rocker switch. 



In this drawing S 1 1s a 

a. SPST. 1 % 

b. DPSt. 

c. SPDT. 

d. DPDT. 



This symbol is for a 

a. SPST 

b. 5PSP 

c. SP5P 

d. DPST 



This push button is a 

a. NO 

b. NC 

c. SPST 

d. closed 



5/ 



s 



<r*tv- 



type switch. 



•4 



type. 



« > 



6. The coll 1n a relay provides 

a. D-ring mount. 

b. magnetic energy. 

c. heat. 

d. return action. 

7. The D ring is found on 

a. SPST switches. 

b. normally open switches. 
. c. AC relays. 

f. d* DC relays. 

8. Why are some switch contacts made out of silver? 

a. It makes the switch more expensive. 

b. ' The silver keeps Its conductivity even though 1t 1s. burned. 

c. The action 1s smoother* 



d. Less heat Is developed. 



v 



is 
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mercury switch is a 

a. position switch* 

b. , OPDT switch. 

c. thermo switch, 

d. NO switch. 

10? Some switches have snap action 

a. *so the^joperator can hear the snap. 
* b. to Inajeaserardng. 

c. to reduce ohm rating, 

d. to reduce arcing and, heat. 



0 
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FihaJ Evaluation ' - 

Check sheet . 

All circuits 100% o pe rat tonal".' • 

All. drawing, 100% correct. 

A score of 90% or better on the Final Test, 



C1 rcuit construction 

v 

Ci rcui t drawing . 

Final test % ' 



OK 



V.\ v;,;. El-BE-23 
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RE-DO 



When all checks are OK, proceed to the next package. 



17 



ERIC 



300 



Answers 

Self-Test 





• 1 . c , 




' 2; a 




• ' 3, 'b 


\ 


4/ *c 




5.' a; 




&. c 




7. 'b 




8. 




9. a 



lO.-^b 



>. 



EL-BE-23 
Switches, and Relays * 



; ♦ 



.A 



18 



ERIC 



.' 310 




2.16 



BASICS OF ALTERNATING CURRENT, 

r 



1 



• 






Goal: 


Performance Indicators: 

» 


The apprentice will be able to 
describe the basip concepts of 
alternating current. 


1. Describe flow of electrons. 

2. Describe wave'forms* 


3. Describe cycles and frequency. 




A. Describe "peak and RMS voltage. 




5.- Describe audiolgeherator . 

* < 




K , 
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Objectives 

Given: 

A series of questions on basic AC 

,Ten problems dealing with RMS and 
* peak voltages 

An audio generator and head phone 



J 
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Basics of Alternating Current 



The student w1 1 1 : 

Answer 9 of the 10 questions correctly. 
Solve 9 of the 10 problems correctly. 

^etf up and operate the audio generator 
properly. 



Directions 

. Obtain the following: 

/An audio generator • 
He# phone set (with connecting wires) 
Calculator 



/ 



, Learning Activities 

_J Study the Key Words list. 

; Read! the Information Sheets. 

Complete the Self- Test. 

— ; ^ ' Solve the problems on the problem sheet. 

. Do the Task. . 

Do the Final Test. 

ObtplrwFlnal Evaluation. 
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Key Words ■ ' • 4 

AC: Abbreviation for alternating current. Symbol: 

AlternaTt'orr f One half of a cycle; 1t can be positive or negative. 

Alternating current ; Current that changes polarity at a regular rate, 
v 

Audio generator ; A dev1ce~that produces alternating current which can be changed 
in frequency, wave shape, and output level. This package will cover frequencies 
which are 1n the range of the human ear. 

Cycle ; A set of positive and negative alternations of an AC voltage. 

— •* ALTERNATION 
iaa£ J -ALTERNATION \ 

Fregaency ; The number of cycles' 1n a given period of time. As an example, 

a frequency of 20 hertz means 20 cycles per second. 

* 

Hertz : The measure for the number of cycles per second. (Hz) 

Peak ; The furthest^ 1nt from the center Jthat a wave form reaches 1n either ' 
the negative or positive direction. 



PC A* 



Rise time : The, amount of time tbat 1t takes for a voltage to get from 0 up 
*>to peak. , - — < 




TIME— H ^ 



RMS ; Short for root mean square. It 1s a value that 1s 70. 7% of the peak value 
or .707 time's peak. ; 

Sine wave : A smooth, ever changing wave form. A pure frequency. 

Example of a sine wave\- 



Square wave : A wave form that changes abraptly from 0 to peak vilue, holds 
at peak and then abruptly goes back to 0, reverses to a peak and returns to 0. 

' Example of a square wave— 



Information Sheet 

AC and the Oscilloscope 
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In the last package you learned how to set up the oscilloscope and use 1t to 
take DC voltage measurements. Although taking DC measurements with the scope 
1s Important, the real advantage of using an oscilloscope 1s to look at voltages 
that change value at a fast rate of speed. Before we worry about how the scope 
sees these changing voltages, let's take a look at what AC really 1s. 



Basics of AC 



The 



We know that DC (direct current) flows 1n one direction. 

the battery from the negative pole, pass through the wires and the load, 
return to the battery's positive pole,. The electrons are going 1n only 
direction. Study the'drcult below*, 



electrons leave 
then 
one 



FLOW" 




-ROW 




DC MOTOR LOAD 



SHAFT ROTATION 



From this circuit you should recognize that: 

J. This IS a DC circuit. --1^. 

* ' 2. The DC motor 1s the cjrcult load. 

* 3. The mott^r 1s turning clockwise. 

The motor can be reversed by chang1ng*the polarity of the voltage source 
connected to 1t, thus reversing the direction of the current Uhrough the load. 
If the battery were to be turned one-half turn, the motor would go counter- 
clockwise. See the circuit below. 

r 

v 
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* 



From the last drawing you should recognize that: 



1. The battery 1s connected with the polarity reversed. * 

2. The current flow Is In the opposite direction. 

' 3. The motor Is now^turnlng In a counterclockwise direction. / 

4. The DC motor can be reversed by changing polarity, 

Now let's go* step further. We will set up a circuit that will switch polarity 
of the battery. Study the circuit drawn below. 



metal half 
-Rings 




MOTOR 7VRN5JN CLOCKWISE 
DIRECTION 




As the battery rides around and around on the turntable; ih^sprlng brushes 
sUde on the metal half-rings which connect the motor to the battery, tet's 
look at the circuit again after It has turned one-half rotation. 




COUNTERCIOCKW6E 
ROTATION 

Now the polarity has been reversed and the motor shaft direction has also been 
reversed. The action that takes place Is one of the motor changing direction 
over and over. The faster the phonograph turntable goes, the faster the motor 
must change directions, This changing of direction of current flow Is called 
alternating current (AC) because It alternates polarity.' 
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To really see what, 1s happening In an alternating current circuit we must be 
able to recognize the changes of voltage and polarity 1n relation to time. 
This sounds like a big order, but 1f we construct a graph to show these rela- 
tionships, It becomes much simpler. To get an Idea of how this graph should 
look, let's go back to our turntable-AC current producer and connect a graph- 
drawing attachment to 1t. Study the drawing below. 





From th6 drawing above, you should be able to rejognlze that: 

1. As the battery rides around on the turntable, a current that 1s 
changing polarity 1s fed to the motor. 

2. As the current changes polarity, the motor changes shaft d.ir^ctloh. 

■j 

* 

3. As the motor tries to turn, 1t 1s limited by the springs. 

4. The pen'draws a line on the moving paper which shows the direction 
of motor shaft rotation. 

The next step! 1s to study the graph that the pen made on the moving paper. The 
drawing following shows the graph and what happened 1n the circuit to cause it. 
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MOTOR ON CCW 



r 



AMOUNr OF 
MOTOR PULL, 
CCW 



AMOUNT OF 
MOTOR PULL -| 
CW 



> 




MOTOR OFF SWITCHING TIME /INCHES \ 
RVPER MOTION (PER SUXMf 



TIME 



MOTOR ON CW 



This graph (called a wave fop) can give us much Information about the circuit. 
Study the following list: 

1. We can tell how much voltage was applied to the motor by the amount of 
motor pull. If the battery had more voltage, the peak wave would be 
higher because the motor would turn more. (The higher the wave form, the 
more the voltage.) ■ 

2. We can tell the current direction (polarity) by the direction of the wave 
from the off line. Above the off line Is normally positive and below Is 
normal ly negative., 

3. If we know how fast the paper was moving (Inches per second), we can 
tell how many changes of polarity took place per second. 

4. The pen cannot get from the center (zero point) to the top of Its swing 1n 
zero time. This slight delay makes the vertical lines slanted by just a 
small amount, The time that 1t takes for the pento go from zero up to 

• peak Is called rise time . The amount of rise tlmlTcan 'be measured on this 
grfcph If we know how fast the paper was traveling. 
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, The Sine Wave ' . . ■ • 

Most wave forms don't look like the one made by our batter^ turntable device. 
The most common wave form 1s the sine wave. You' may hear.1t called the pure 
form of any frequency. The alternating current that we get from the power 
company has this sine shape. The drawlngbelow shows' a sine wave similar to 
the ones produced by the power company. The amount of time span shown 1s only 
1/60 of alsecond. This means that 60 of these take place 1n o/ie second. 



RMS 120 



RMsieo 





* 

1 


) 1 . , L. 




» \ 

X 




ICVCLE 1/60SBC-- 



From the drawing of the sine wave you should be able to recognize that: 

1. The sine wave 1s alternating current because It changes polarity. ' 

2. The s1ne«,wave shows a smooth change of voltage from zero up to a peak value 
positive, then back down to zero. From zero 1t goes up to a peak value 
negative then back to zero. This all took place 1n a 1/60 of a second. 

3. The ltet of events that took place 1n 2 $bove 1s called a cycle. Each 
cycle 1s made up of one positive' alternation and one, negative alternation. 

4. We can measure alternating current by the number of cycles per second. 

5. The peak voltage 1s the very top of the wave-form. 

6. The amount of time that 1t takes for a voltage to get from zero up to 
peak ts called rise time. „ 

7. The RMS voltage 1s slightly less than thei.peak value. (70.7* of peak.) 
An explanation of RMS voltage follows 1n the netft paragraphs. 
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♦ 

Frequency 1n Hertz 

As was s^ateg before, we can measure alternating current by the number of cycles 
.per second. The measure that 1s used is called frequency (how frequently a cycle 
takes place). Remember that frequency 1n hertz deals with the number of cycles 
per second , no other time Interval. As an example* the frequency of the power 
line Is 60 Hz, The cycles per second 1s understood. 60 Hz a 60 cycles per second. 

Peak and RMS Voftages . 

When 'AC voltages are measured, we have a different problem from what we had 
with DC. The DC voltage was the same as long as the circuit was on. With AC 
both the negative and the positive voltages go up and down. Why not measure V 
the voltage at. Its highest point (the peak voltage)? This might sound like a- 
good way to do 1t, but there 1s a problem. The voltage 1s only at the peak for. 
just an Instant. Because of this, the amount of power from a 100 volt AC circuit 
is less than from a DC 100 volt circuit. It was found that 100 volts peak AC 
produced as much power as a DC voltage of 70.7 volts. All AC voltmeters don't 
measure peak, but they do measure ,707 times the peak. This measure 1s caTTelJ 
RMS voltage. If we know the peak value of an AC 'voltage, we can find the RMS. 

RMS - .707 X peak 

Let's say that we checked the line voyage and found that 1t was 160 volts peak 
value: What would be the RMS voltage? 

RMS « 160 X .707 * ' ' 

RMS -113.1 volts* , - . 

AC voltages are almost always expressed 1n RMS. The line electrical outlets. 1n 
our homes are called 110 volts. This Is really a RMS voltage. If this 1s so, 
what 1s the peak line voltage? To figure this one we need another magic number 
like the .707,, This time the number 1s 1 .41421 . This one you can find with 
your calculator 1f 1t has a square root sign (v^) on 1t. 1.41421 1s the 
square root of 2. 

The formula for finding the peak voltage 1f the RMS is known 1s 
Peak - RMS X 1.414 

Let's finish dor problem. We said that the line voltage was 110 volts RMS. This 
means that ' 

Peak - 110 X 1*414 * V 

Peak « 155.5 volts 

If you are unsure about how to do this, read 1t again because the test will , 
have problems dealing with RMS and peak. Refer to the sine wave figure as shown 
in the beginning of the discussion. '* 
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The Audio Generator 



When there is need to test a DC circuit, it is a simple matter to use a battery 
or a power supply. The AC circuit is a different matter. In the AC circuits 
it may be necessary to change not only voltage but frequency and wave shape as 
well. The device to do this 1s called an audio generator. As the name Implies, 
it generates audio frequencies. The audio frequencies Include the frequencies 
that can be heard with the human ear. The audio generator must Include fre- 
quencies from 20 Hz to 20 kHz. 

Audio generators differ somewhat depending on the manufacturer, but the controls 
are very similar. The fol lowing , drawing 1s of a typical audio generator. Study 
the controls so you can expla.infwhat each of them does. 



PILOT LIGHT 
POWER SW/ICH 



<XrtRS£ 
FREQUENCY 
SWITCH 




FINE FREQUENCY ADJUST 



OUTPUT TERMINALS 



OUTPUT VOIXAGE OONTRCt 



WAVE SHAPE SELECTOR , 



1 \ 
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Problem Sheet 
1. 



2. 



3. 



The line voltage was measured to be 117 volts RMS with a voltmeter. 
What Is the peak value? * 

While working on a power supply the peak AC voltage wa f s measured with an 
oscilloscope. The voltage was found to be 156.5 volts peak. What was the 
RMS voltage? J 

While working on the water, heater in my house, I found that the voltage 
across the element was 225 volts RMS. What was the peak value? 



< 

4-10. ' 9 ' ■ ■ ■ » 

The table below represents a series of line voltages taken over a period 
of one week at the peak load time. Some of the readings are peak values 
v and some are RMS values. Complete the table so that both peak and RMS 
values are given. 



4< 



Peak 



RMS 



4 


•> 

Sun 




125 


5 


Mon 


150 




6 


Tues 




109.5 


7 


Wed 


146 




8 


Thurs 


r 


113 


9 


Fr1 


142 




10 


Sat 




110.2 
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Self-Test 



1. To reverse most OC motors you must 

a. switch the shaft end to end. 4 

b. Invert the motor. 

c. reverse -tfre polarity of the connections. ' \ 
d v give the shaft a twist to the opposite direction. 

2. The difference between AC and DC 1s that AC 

...a. f]ows 1n one direction, 

b. switches on and off. 

'c. switches polarity. / 

d. has only positive alternations, 

« * 

3. The rise time 1s* # 

a. the time'lt takes for one cycle of AC. % 

b. the time 1t takes for the voltage to go from 0 io the peak value. 

c. the time, 1t takes for one turn of the motor. 

d. the lag between Cycles. 

.•<-"., ' 

4. The sine wave 1s 

a. a smooth pure wave form. - 

b. an abrupt changing wave, form. 

c. a triangular shaped wave form. , 

d. a sawtooth typ£ wave forn. 1 

5. Or/e cycle 1s 

a. equal to RMS times peak. 

b. one positive alternation and one negative alternation, 
a span of 1/10 of a second. 

d. equal to RMS minus peak. 

6. * RMS voltage 1s 

a. higher than peak. 

b. equal to the square root of two. 

c. , equal to .707. times the peak value* 

d. equal Ho 1.414 times the peak value. . ^ 

• ■ . 

7. The audio generator produces signals 1n the frequency range of 

a. <- 10 hz to 100 kHz. 

b. 20 hz to 20 kHz. 

c. 400 cps to 5 kHz.,, 
d» any electric organ. 

8. The audio generator's output can be controlled to ^ 

a. change frequency. 

b. change resistance. 

c. change wave shape, voltage, and frequency. 

d. , change wave shape, resistance, and voltage. 

9. The AC voltmeter measui*es r 

a. , peak value. ' f 

b. 1.414 volts less than peak. 

c. RMS voltages. 

d. -.707 of the RMS voltage. 



Task 

Set-Up and Operation of the Audio Generator 



, EL-BE-25 
Basics of Alternating Current 



For this task you will need the following materials: 

* \ 
One audio generator \ 
One pair of head phones 
One set ^connecting wires 

Set-Up 

Refer- to this drawing for all steps In this task. 

(All audio gerferators are not alike, but they will have comparable controls.) 




With the audio generator 1n front of you 
IDENTIFY the following controls: 



1. Of f-on switch 

2. Pilot 



\ 



f 3. Coarse frequency adjust v 

4. Fine frequency adjust 

* 

5. Wave fonjkfswltch 



onjkysv 

6. Output level control 



V 



TO HEAD PHONB 
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7. Output terminals 
_ 8. Power cord ) 



i 



Operation of the audio generator 

_j 1. Plug 1n power cord. 

2. Switch unit on (check pilot). 

. h Adjust fine frequencjft_ontro1 .to 1000 Hz. 

_ Switch coarse frequenc^p correct band for 1006 Hz (B). 

_____ 5. Switch wave form to sine position. 

; . ■' ; 6.. Connect head phones to output terminals. 



7. Place the head phones on your head with the phones slightly off ears 
(to avoldjloud blast). 

8. Adjust ^oat' -level control so you. can hear the sound (called a signal) 



. 9. Ticrn.th^ frequency controls to different settings. (Notice how the 

pitch-in the phones goes up as the frequency Is Increased.) What Is 
the highest frequency you can hear? 

Answer the questions below . 

1. What its, the lowest sine frequency that you can hear? (not feel) 

".:•// ' Hz 

2. What iff the highest sine frequency that you can hear? 

3 • ' . ' ' . Hz 



3. How fe does the square wave sound different from the sine wave? 



Instructor check 
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Final Test 



• 1. 



2, 



3. 



4. 



5. 



6. 



• 7. 



8. 



A smooth, ^ever-changing pure- wave form describes 

a. a sawtooth wave form.' 

b. . a. triangular wave form, 
c a sine wave form. 

d. a trapezoidal wave form. 

In an AC wave form, the time that 1t takes for the voltage to go from 
0 to the peak value 1s kn,own as * y 

a. 1 one cycle. 

b. an alternation. , 

c. the rise time. 

d. the fall tlme^ 

AC Is different from DC because AC 

'a. flows 1n one direction. 

b. switches on and off. 

c. switches polarity. 

d. has longer* cycles. 

To make a DC motor reverse directions 
a. reverse the polarity of the connections. 
Invert ttyt motor. 

reverse thtlno tor shaft end to end. 
give the shaft a twist tn the reverse direction. 



b. 
c. 
d. 



The major advantage of the oscilloscope 1s Its ability 

a. to measure DC power levels. 

b. to see changes that happen at a fast rate of speed, 
c to measure DC voltages. 

d. to measure DC current level.' 

The output of the audio generator dan be changed 

a: as to Its voltage. 

b. - 
c, 
d. 



as to Its voltage and wave shape, 
as to Its voltage, resistance, and wave shape, 
as to its voltage, frequency, and wave shapes. 



The normal AC voltmeter measures 

a. RMS voltage. 

b. peak voltage. 

c. .707 of the RMS value. 

d. 1.414 times the peak value. 



The frequency range of the audio generator Includes 
a. 20 Hz to 20 .kHz. 
b - ^iJO Hz to 400 Hz. 
c jdUfc to 10000 kHz. 
d.lll to 2kHz. 



ERIC 



16 



327 



EL-BE-25 

Basics of Alternating Current 



9. RMS voltage is 

j.l a. equal to .707 times the peak value. - 

b. equal to 1,414 times the peak value, 

c. equal to the square root of two. 
0 d. the same as the peak value. 1 

10. One cycle of alternating current 1s , 

a. one span of 1/10 of a second. . 

b. equal to RMS times peak. « " 

c. one positive alternation and one negative alternation, 
' d. equal to ftMS minus peak. 



* 

• 
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Completed Task 

Completed problem sheet with 90% or better 
Completed- Final Test with 90% or better 



OK \ 



RE-DO 



% 
% 



A. 



When all checks Indicate OK, proceed to the nejtt" 4$a/n1ng package, 



a... 
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Answers to Problem Sheet: 

1. 165.5 V peak 

2. 109.9 V RMS 

3. 318 V peat 

4. 177 

5. 106 

6. 155 

7. 103 

8. 160 . 

9. 100 
10. 156 



r 



Answers to Sel^-Test: 



• 4.. 



1. 
2. 
3. 
4. 
5. 

G. 
7. 
8. 
9. 



c 
c 
b 
a 

b 

c 
b 

c 
c 
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Goal: 


Performance Indicators: 




^ The apprentice will be able to 
describe permanent and 
oloct rornagnetism. 


• 

1. Describe permanent magnets* 

2. Describe magnetic fields. 






3. Describe laws of repulsion 
and attraction . 




* 


N 

A. Describe magnetic flux. 




- ( : 


5., Describe electrornagnetism. 
1 


< 4 
J 


4 


t 




• 

♦ 

• 

1 


* 

4 
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Given: 

* 

A list of questions about basic 
permanent magnetism and 
electromagnet Ism. 

A set of magnetic equipment. 



The student W1^ l : 1 

Answer questions on the final test with 
an accuracy of 90 percent. 



Identify magnets and magnetic polarity, 
Wind a solenoid and an electromagnet 
and test' each. 



Directions 



r 



Obtain the following: 

Set of magnets 
Compass 

Magnetic cores 
#18 wire 

Paper' or cardboard tube 
Power supply 
Box of nails 



/ 



Learning Activities 
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Study Key Words list. 

Read Information Sheets. 

Op Self -Tests ♦ 

Do Task A, 

Do Tasks B and C. 

Do Final Test. 

Obtain hnal Evaluation. 
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Key Words 

Coil : A spiral winding of wire. 

Core : The c|nter part of a coll, made of a magnetic material or air. 

Domain : Very tiny magnetic area 1n Iron; nickel , or cobalt. 

Electromagnet : A coll of wire powered by a source of electricity...- 

Field : ^The magnetic flux around a magnet. - 

Flux : The lines of magnetic, force around a magnet. 

Gauss: A unit that 1s used to measure the amount of magnetic' force. 

Keeper:' A piece of Iron across the poles of a magnet placed there to prevent 
loss of magnetism when the magnet 1s 1n storage. 

Line of force : . Referring .to the magnetic flux. ' 

\ ... 

Magnetic metals : Iron, nickel, and colbalt. 

Magnetic polarity : Referring to the north- and south-seeking ends of a magnet. 
Magnetomotive force : The magnetic push. 

Pol e : The end of the mjignet, where the magnetic force ,is greatest. 

Residual magnetism : Thi magnetism that remains 1n a metal^ after the magnetic 
force has been removed.' ^ 

Saturation :, The point at which a piece of magnetic material cannot be further 
magnetized. , 



Solenoid : A coll without a core. A sucking coil. 
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Permanent Magnets 

Magnetism 1s Involved in a great number of electric and electronic devices 
such as motors', solenoids, transformers, meters t . etc. A knowledge of the basic 
principles of magnetism Is Important for understanding the operation of these 
devices. <% 

There are only three magnetic materials ori earth. A magnetic material Is a 
material that can be attracted by a magnet. These materials are Iron, nickel, 
and colbalt. Materials like steel are alloys that contain Iron; therefore, 
they are magnetic, ^ 

The simplest magnet is a bar magnet. One end of the magnet Is labeled N and 
the other end is labeled S. All you have to do to understand the N and S is t9 
make a compass. out of the bar magnet. The end that po1nts*north 1s stamped N 
and the end which points, south Is stamped S. So when we say the north end of 
a magnet, we mean the north-SEEKING end. What makes a magnet want to point 
nprth and south? No one has the answer to that question.. The exact nature 
of magnetism Is not really known, but we are aware of the actions of magnetic 
materials.' If we look Into a piece of Iron with a magnetic eye, we will see 
a lot of tiny magnets called domains, pointed every which way all over Inside 
the material. Remember that these domains are only In the three magnetic 
materials: iron, nickel, and colbalt. The shape of the domain 1,s not really, 
known, but we will picture It as a tiny bar. These domains can turn and spin 
around in the material. The drawing below Is a domain grouping Inside a non- 
magnetized Iron bar. 

i 

4 



NON -MAGNETIZED 
. IRON BAR 




suft-mcRoacoPic 



» Notice that the domains are pointing every which way. The total effect Is that 
the N end of each domain Is facing a S end of another, domain. This cancels out 
the external magnetic force $o the bar of Iron is not a magnet. 
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If the bar of unmagnetized iron were put injto a magnetic field (next to a ''•-:*• ; " 
magnet), the domains irplde of the Iron would align themselves with the 
magnetic field. Study the drawing below. ? 




The magnetic domains in the iron are lined up so that the S ends are pointing 
.toward the N end of 'magnet. This causes the magnet to attract the Iron and 
makes a temporary magnet out of the Iron bar. (Notice the dotted S and N 
indicating that the magnetism is temporary.) When the magnet Is removed from 
the iron bar, the domains will spin around to cancel out-the magnetism. The 
iron turns back to the nonmagnetlzed state. 

If there wepe some way that the domains could be Jlocked Into the magnetized 
condition, the iron bar would remain a magnet. This Is Impossible with soft 
pure iron. The addition of carbon, copper, aluminum, colbalt, and nickel to' 
the iron produces an alloy which will lock the domains so they cannot turn. . 
This means that a permanent magnet 1s a special alloy of metals. The magnet 
must have special handling because heat or jarring will tend to unlock the 
domains, which will destroy the magnetic effect. . * 

The Magnetic Field 

The magnetic field, sometimes called a flux field, Is the Invisible force 
around a magnet. This force Is very common. Because the earth 1s a magnet, 
we live in magnetic fields all the time. When we walk, we are going through 
these magnetic lines. How can we defect or see magnetic lines? One way Is to 
take a bar magnet, place a sheet of paper over It, and sprinkle Iron filings 
on the paper. The following drawing shows what the result wotfld look like. 
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IRON-FILING PATTERN OVER A BAR MAGNET . 

From the Iron-filing pattern, It Is hard to see the full picture of the lines 
of force. What can be seen is that: 

" » « 

1. The. ends or poles have most attraction. 

2. There are two poles. y 

3. There seems to be no magnetic action In the center. 

4. The force field seems to be In lines from one end to the other. 

In the following drawing the magnetic flux Is shown again, but this time It Is 
shown more clearly than could be done with the Iron filings. (Only a small 
amount of lines are shown to make the drawing clear.) 




This drawing shows that there are distinct lines of magnetic flux. Each has 
direction from the N end of the magnet to the S end. These lines are also 
complete (continuous) from the north to the south end. 



/ 



/ 



/ 
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The Magnetic Laws of Attraction -and Repulsion , 

♦ 

As was stated before, the N end of magnet tries to point north. This means 

that there 1s an attraction to the north pole of the earth. This makes the 

compass (whlch'makes use of a magnet) very Important for navigation. What 1s 

happening to the flux lines during the attraction? Study the drawings of the 
magnets below. , 




* * 



.Attraction 
North to South 



Repulsion; 
North to Nojrth 




Attraction, 
South to North 




Repulsion 
v South to South 



Knowledge of the directions and form of these magnetic fields 1s very Important 
for understanding the operation of devices such as speakers, tape-recording 

hea v Q*s7etc. 



From the drawings you know 



^iat 



1. \ Unlike magnetic poles attract. (North and a South or South and a 
\North) 

2. Like magnetic poles repel. (North and a North or South and a Sotfth) 

3. When the poles attract, the flux lines from one magnet combine with , 
the flux lines from the other magnet.. 

4. When the poles repel , the magnetic flux lines do not combine. 
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Keepers 



The magnetic flux passes through materials with different amounts of resistance, 
As an example, the, magnetic flux passes through Iron much more easily than 
through air, plastic, etc. For a magnet to last a long time, the gap between 
the north and south' poles should be as small as possible. When the magnet is 
not in use, it 1s wise to place a bar of soft iron between the poles. This bar 
of iron Is called a KEEPER, The magnets pictured below h*ve keepers on them. 



5 
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Magnets with Keepers 



Measuring the Magnetic- Flux 

How strong a magnet Is depends on many factors. Some of these factors are the 
following: 

1. The mass of the magnet (amount of metal). 

2. Kow well It is magnetized. • 

3. The alloy of the metal. 

4. Its shape or form. 

The more lines of magnetic flux per area, the more magnetic effect we can get. 
The measure of magnetic flux concerns the number of lines. There are at least 
three systems- of measurement of magnetic flux: Gauss, Maxwell, and the Weber. 
Gauss is a measure of the number of lines of a magnet. The Weber has to do 
with the amount of flux change per second to produce%ne volt induction. As a 
point of comparison, the earth's field is less than one Gauss while 4 small toy 
horseshoe magnet could have 200 Gauss! 

"The Square Law Magnetic Relationships 



Study the drawing below .that shows tests of magnetic pull. 



ONE SHEET OF FfcPER 



-TWO SHEETS OF WER 









'MAGNET N 




H LbS i 
^Sh^-ro PULL MAGNET N 

r>FF . J 


! 









I u 

TO PULL 
OFF 



Each time that you double the distance between the magnetic pole of the^magnet 
and the magnetic material, the magnetic pull decreases by the square of the 
distance. This means that as you move away from a magnet, the flux level drops 
at a fast rate. This is veVy Important when dealing with tape heads of a tape 
recorder. A\yery small amount of dirt can hold the tape far enough from the 
head to make the tape unit completely Inoperative. Keeping the magnetic gap 
dear on a tape head is very important. 
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1. The magnetic field Is sometimes called 

* . • ■ 

a. magnetic force. 

b. flux lines. 

c. Iron f1 lings. 

d. north and south. , 

r 

2. The direction of magnetic fields' 1s 

a. around the magnet In a crosswise direction. 

b. from the north pole to the south pole. 

c. from the south pole to the north pole". 

d. along the sides of the magnet. * 

3. The law of magnetic attraction and repulsion states that 

a. like poles repel and unlike poles attract. ** 

b. like poles attract and unlike poles repel. * 

c. the south pole attracts another south pole. 

d. the square of the north pole equajs the square of the south pole. 

4. If a block of soft\ron 1s 1 cm\^rom a magnetic pole and then moved to .5 
cm, the force between, them will 

a. double. 

b. , halve. . 1 

c. quadruple. 

d. triple. 

5. The flux lines around a magnet are 

a. in both directions. * - 

b. more dense as you move away from the pole. 

d. complete from the south pole to the north pole. 

d. complete from the north pole to the south pole. * 

<■■ 

6. The strength of a magnet In the center section halfway between the poles 1s 



a. equal to the square of the north pole. 

b. zero.* „ 

c. four times stronger than at the poles. 

d. weaker 1n larger magnets. 

7. The strength of a magnetic field 1s measured in 

a. volts per Inch. m * 

b. Gauss or Weber. • 

c. flux line diameter. , 

d. the square Maxwel 1 . 



8. The following materials are magnetic 

a. lead , tin , and zinc. 

b. gold, silver, and copper* 

c. aluminum, chromium, and platinum* 

d. Iron, nickel, and colbalt. 
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Informatipn Sheet*No. 2 

Electromagnetism 

There 1s a relationship between magnetism and electricity. One of these 
reJationsMps 1s that whenever current is passed through a conductor, a 
magnetic flux 1s set up around the conductor. The form that the magnetic flux 
lines make 1s one which surrounds the wire 1n a sheath. Study the drawing of * 
the current-carrying conductor. ' ■ * 




FLUX LINES 



CURRENT DIRECTION 
The Magnetic Flux around a Wire 



From the drawing you should be able tD recognize that: • ' " 

1, The current-carrying conductor has a magnet 1c flux around 1t. 

2. The magnetic flux 1s around t(j£/w1re 1n a crosswise direction. 
L The magnetic flux 1s contiguous all along the wire. 

If you know the direction of the current. flow through the wire, you can tell 
the direction of the magnetic flux around the wire fry $he use of the LEFT-HAND 
RULE. The following drawing shows this method. 



/ 




3 




LOW DIRECTION 



-rXMK DIRECTION 

..V ff* . - ■ 



Grasp the wire with the left hand with the thumb pointing 1n the direction of 
the current flow. The fingers will wrap around the wire 1n th6 direction of 
the magnetic flux lines. Also, 1f the fingers wery to be wrapped around In the 
direction of the magnetic flux, the thumb will point in the direction of the » 
current flow* 
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The amount of magnetic flux around one wire 1s quite small. To make a stronger 
flux field, we can concentrate the wire by winding It Into a coll.. To picture 
how t£e coil can concentrate the flux, study the drawing of the coil below. 



CURRENT f 




The flux lines go from the 
north end to the south end on 
the OUTSIDE of the coil. 



FLUX FORONETURT 
ned flux lines for the coll 



From the drawing 1t can be seen that the flux lines around each turn of the 
coil can combine with the flux lines from the next turn. All of the flux lines 
will combine to form a magnetic flux for the coll. Check 1t out with the left- 
hand rule. The more turns of wire 1n the coll , the stronger the magnetic 
effect. Notice from the drawing that the magnetic polarity 1s shown. This too 
can be seen. Remember that the flux lines go from the north end of the magnet • 
to the south end ON THE OUTSIDE OF THE MAGNET. Check 1t out on the drawing. 

The Electromagnet 



now 



Now that we know how the coll works, we can make an electromagnet. First, we 
need a core. The core should be a magnetic material. Iron 1s the strongest of 
the three and also the most Inexpensive. Because we want to turn the magnetism 
off, we neeo^a form of Iron that won't let the domains lock up. Remember, soft 
iron is the best choice here because the domains are free to spin around and 
cancel the external flux lines. The Iron will concentrate th#11nes close to 
the coil to give us the best magnetic effect. , \ 
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To construct the electromagnet we wind the wire around the core 1n a neat 
spiral of Insulated wire so the windings will not short from one to the other. 
Study the drawing of the electromagnet. 



| o^o 

I SWITCH 
~ BATTERY 

TL 




V~ M *GNETIC FLUX 
SOFT IRON CORE 



The Electromagnet 



The magnetic action 1n and around the electromagnet is much the same* as that of 
the permanent magnet except that the electromagnet can be turned off and on and 
can be many times stronger. 

The Solenoid 

Another type .of electromagnet which 1s very useful 1s called a solenoid. The 
solenoid is an electromagnet without a core. The part that makes it Inter- 
esting Is that 1t seeks or attracts a core when 1t 1s turned on. To mate a 
solenoid you wind the Insulated wire around a hollow nonmagnetic tube. The 
tube. can be made of paper, plastic, or even a metal such as copper or brass. 
Study the drawing of the solenoid below. 



r 




T 



CORE 



When the coil 1s turned on, 
the core will be sucked to 
the center of the solenoid. 



The Solenoid "Sucking Coil" 



Because of the mechanical travel that the solenoid can produce, it 1s used to 
d/the following things: ^ 

1. Turn switches off and on. 

2. Control draft and air flow 1n heating and ventilating systems. 

3. Shift gears. » % 

4. Operate door chimes., 

5. Start or stop machines. 
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Factors of Magnetism 

There are many measures and factors of magnet 1 Mil' Included here are a few of 
the most Important otoes. a , - 

Magnetomotive Force (MMF) 

Magnetomotive force 1s exp^la^ned as the force needed to produce a magnetic . 
field. This force can be made strongeYjay Increasing the number of \iirns 
of wire on the coil or by Increasing the amount of current through tn^ coll, 
'The ampere turn ^5 used with magnetomotive force as a unit of measure, 

Satu ration 

Saturation refers to the state of a core which cannot be further magnetized. 
More magnetomotive force will not Increase the amount of magnetism of a sat- 
urated core. This condition takes place when all of the domains 1n the core 
are lined up. It Is at this point that more energy cannpt Increase the domain ' 
alignment so the core 1s said to be saturated. 

* »' . ♦ 

Residual Magnetism 

Residual magnetism 1s the magnetism that remains after the magnetomotive force 
is removed. This condition 1s caused by a f ew^pl thcMomalns staying locked 1n 
one direction. This residual magnetism caji cause problems. As an example, a 
relay can stay stuck down after the current 1s turned off. 



Demagnetizing 



Demagnetizing 1s the process of removing the magnetic effect from a material 
or device. Many times tools will become magnetized and will need to be 
demagnetized. Tape recorder heads « often need to be demagnetized* 

The device that 1s used to demagnetize is nothing more than a large qoll with 
no core. The power to operate the coll 1s AC. To operate the unit the power 
Is turned on to the coil. This produces a magnetic f 1 el\j that switches polar- 
ity back and forth. The object to be demagnetized 1s placed Into the coll. 
The object 1s forced to be magnetised first one way and then the other. The 
object 1s then slowly removed from the coll. The strength of the backhand- 
forth reversing field becomes less and less. This leaves the object with no 
residual magnetism. 



Self-Test No. 2 



1. If a current Is flowing through a wire 

a. , a magnetic field around the wire will be present. 

b. no magnetic action Is present^ 

. c. one end of the wire 1s north and the other south, 
d. the heat from the wire destroys the magnetic effect. 

2. Electromagnets are made by winding wires Into colls because 
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■ a. 1t produces less heat. 

b. the core Is easy to Install. 

c. the leads are easy to connect. 

d. It concentrates the magnetic field. 

3. The left-hand rule for conductors 

* • 

a. is used for checking wire temperature. 

b. 1s used so the right hand 1s free to write voltage readings. 
* c. shows the flux direction 1f the current direction 1s known. 

V d. 1s more accurate than the right-hand rule.. 

4. A solenoid Is sometimes called 

a. an electromagnet. | 

b. a sound generator. 

c. a sucking coll . 

di a long cored col 1 . . 

5. Saturation Is * y 

a. the point at which more magnetomotive force cannot prdduce more 
magnetism from a core. • 

b. the' point at which the coll cannot pick up moisture from the air. 

c. the peak voltage point. 

d. caused by the residual magnetism, i 

6. A solenoid Is used for 

r 

a. heating soldering Irons. 

b. control 1 ing temperature. 

c mechanical movement of pulling. 
d» measuring resistance. 

7. Demagnetizing 1s best done with 

a. a hammer. , V 

b. a strong 1 1 ght. * . • * 
. c. a large AC col 1 . 

d. twisting the metal one half turn north. 
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Task A 



Given: Four unmarked magnets , a compass. v 
1. Identify t.he north- and south-seeking ends, ■ x 

9 *** 

(Use masking tape to make labels.) 

When using the compass, keep it at least one Inch away from the^ magnets' 
poles. 



[] Instructor's Check 



Given: Two bars of Iron with n'o markings: 

9 » 

one unma'rked magnet 

one unmagnetlzed Iron bar 

2. You must present the magnet to the Instructor In five minutes, 

* Rules: 1. No other metal object may be used. 

2. No compass can be used. 

3. You may not; try to make a compass from the bars. 



□ Instructor'*! Check 



i 
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Given: -Iron core, paper tube, #18 magnet wire, and a heavy power supply. 

1. Construct the following solenoid; 

W^nd 30 turns of #18 magnet wire on the paper tube, The wire must be 
closely wound 1n a neat spiral. 

Leave 10 inches of wire at each «end of the coll for leads. (Tape each 
end of the coll to hold the wire.) m t 

Strip o^e-half inch of insulation off the end of each lead. 




ExpTain what happened. 



□ Instructor's Check 

• * 
* 

i- * 
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Task C ' 



Given: Iron bar, #18. magnet wire, small box of nails, and a power supply. 
1. Wind 40 turns of wire 6n the Iron bar 1n two layers of 20 turns each. 
Leave 10 Inches of wire for leads. 
Strip ends as 1n Task B;- 

Tape the coll to hold the wire. * 



Iron nails -v-*^ 




2. Apply power as called for in the .chart below.' 

3. Count the nails that It 1s possible to pick up with the coll at each 
voltage level . . 



Volts Number of Nails 

s 



.5V 




(*— 

• * 


IV 


5V 


10V - 






#5V 


■ V 1 — 1 — 1 


♦ 



\ 

4, Did the'core become saturated? 



• Work fastt the col 1> will become, hot! 



□ Ifftt/ucfcor's Check' 
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Final Test 



4. The (idus* and the Weber are both measures of 

a. current levels 1 In a coll, 

b. magnetic force. 

c. the Maxwell. 

d. volts per Inch. *■ 

2. The lines of magnetic force have direction from 

a. the. south end to the north end of a magnet. 

b. the poles to the center of the magnet.* 

c. the north end of the magnet to the south end. 

d. * the center of the magnet to the poles. 

3. The three magnetic metals are 

a. Iron, copper, and zinc. 

b. Iron, aluminum, and nickel. 

c. Iron, colbalt, and tin. ♦ 

d. Iron, nickel, and colbalt. 

4. If two magnets are brought together, the following action could result: 

a. the like poles will repel. > 

b. heat will be produced. 

c. the two north poles will attract. 

d. no action will take place. 

5. If an Iron bar 1s brought to within one Inch of a magnet and then. moved 
to two inches away, what will happen to the pull? 

a. It will doubled - 

b. it will be reduced by four times. 

c. It will be reduced by one-half. 

d. It will be the same. 

6. The left hand rule 'for conductors 1s used to 

a. check wire temperature. 

b» show the direction of magnetic flux. 

c. measure voltage. " 

d. count the flux lines\ 

7. A solenoid is a coll that 

a. provides heat. 

b. Is used as a hoi der^c soldering irons. 

c. pulls the core to tnWenter of the coll. ' 

d. has a permanent Iron core* 



8. Coils of wire are used for electromagnets because 

a. they Deduce less heat. 

b. they hold, the core better. 

c. the leads are easy to connect. 

d. they concentrate the magnetic flux. « 

9. If the core of" an electromagnet becomes saturated 

a. it must be thrown out. 

b. it cannot be magnetized to a higher level. 

c. it must be dried out. 

d. 1t has reached the domain level. \ ^ 
10. To demagnetize a tool or part ^ 

a. a large AC powered coil is used. 

b. a heater must be used. 

c. a sharp hit with a hammer will do it. 

d. a strong light will do it. 

' • / 
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Final Evaluation 

OK RE-DO 

Completed TaSki-A ; ; 

Completed Task' B , \ ^ 

Completed Task C ' ^ 

Completed Final Test with 90% score % 

■ t , 
When all checks Indicate OK, proceed to the next learning package. 

f • • ' • ■ ■ 
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Answers 'to Self-Test #1 



-I. b 

2*J> 

3. a 

4. c 

5. d 

6. b 

7. b 

8. d 



\ 



Answers to Self-Test #2 



1. a 

2. d 

3. c 

4. c 

5. a 

6. c 

7. c 
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